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Preliminary Classification: v " 
Proposed Cfass: 3)8 
Subclass: 

NOTE: "All applicants are requested to include a preliminary classification on newly filed patent 

applications. The preliminary classification, preferably class and subclass designations, should be 
identified in the upper right-hand corner of the letter of transmittal accompanying the application 
papers, for example 'Proposed Class 2, subclass 129.' " M.P.E.P., § 601, 7th ed. 



TRANSMITTAL LETTER 
TO THE UNITED STATES ELECTED OFFICE (EO/US) 
{ENTRY INTO U.S. NATIONAL PHASE UNDER CHAPTER H) 

INTERNATIONAL APPLICATION NO I NTER NATIONAL FILING DATE PRIORITY DATE CLAIMED 

PCT/EP00/04358 16 MAY 2000 21 MAY 1999 

title of invention METHOD FOR NONVOLATILE STORAGE OF AT LEAST ONE OPERATING DATA VALUE 

OF AN ELECTRICAL MOTOR, AND ELECTRICAL MOTOR FOR SAID METHOD 

APPLICANTS) Hermann RAPPENECKER, Frank JESKE, Jbrg HORNBERGER and 

Arno KAK WATH _ 

Box PCT 

Assistant Commissioner for Patents 
Washington D.C. 20231 
ATTENTION: EO/US 

CERTIFICATION UNDER 37 C.F.R. §§ 1.8(a) and 1.10* — — 

(When using Express Mail, the Express Mail label number is mandatory; 
Express Mail certification is optional.) 

I hereby certify that, on the date shown below, this correspondence is being: 
MAILING 



37 C.F.R. § 1.8(a) 37 C.F.R. § 1.10 * 

□ with sufficient postage as first class mail. %3 as "Express Mail Post Office to Addressee" 

Mailing Label No. FT, 7n? ^40469 TTS (mandatory) 
TRANSMISSION 

□ facsimile transmitted to the Patent and Trademark Office, (703) _ 



deposited with the United States Postal Service in an envelope addressed to the Assistant Commissioner 
for Patents, Washington, D.C. 20231 

37 C.F.R. § 1.10 * 
Ll as "Express Mail Post Office to Addressee" 
Mailing Label NlrvF.T. 76?SAr>AfiQ tt<; (ma 
ISMiSSION 

rk Office, (703) j 

Date: 10/26/01 **°*if 

Judith Schick 

(type or print name of person certifying) 

' Only the date of filing (§ 1.6) will be the date used in a pafenf term adjustment calculation, although the date 
on any certificate of mailing or transmission under § 1.8 continues to be taken into account in determining 
timeliness. See § 1.703(f). Consider "Express Mail Post Office to Addressee" (§ 1. 10) or facsimile transmission 
(§ 1.6(d)) for the reply to be accorded the earliest possible filing date for patent term adjustment calculations. 

(Transmittal Letter to the United States Elected Office (EOAJS) [13-1 8J— page 1 of 9) 



10/03H38 

S31ReoWfai/ir. 27 0CT2M3 



NOTE: To avoid abandonment of the application, the applicant shall furnish to the USPTO, not later than 20 
months from the priority date: (1) a copy of the international application, unless it has been previously 
communicated by the International Bureau or unless it was originally filed Jn the USPTO; and (2) the 
basic national fee (see 37 C.F.Ft. § 1.492(a)). The 30-month time limit may not be extended. 37 C.F.R. 
§ 1.495. 

WARNING: Where the items are those which can be submitted to complete the entry of the international 
application into the national phase are subsequent to 30 months from the priority date the 
application is still considered to be in the international state and if mailing procedures are utilized 
to obtain a date the express mail procedure of 37 C.F.R. §1.10 must be used (since international 
application papers are not covered by an ordinary certificate of mailing — See 37 C.F.R. § 1.8. 
NOTE: Documents and fees must be clearly identified as a submission to enter the national state under 35 
U.S.C. § 371 otherwise the submission will be considered as being made under 35 U.S.C. § 111.37 
C.F.R. § 1.494(f). 

I. Applicant herewith submits to the United States Elected Office (EO/US) the following 
items under 35 U.S.C. § 371 : 

a. (xj This express request to immediately begin national examination procedures 

(35 U.S.C. § 371(f)). 

b. B The U.S. National Fee (35 U.S.C. § 371 (c)(1)) and other fees (37 C.F.R. § 1 .492) 

as indicated below: 
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CLAIMS 
FEE 


(1) FOR 


(2) NUMBER 
FILED 


(3) NUMBER 
EXTRA 


(4) RATE 


(5) CALCULA- 
TIONS 


□* 


TOTAL 
CLAIMS 














17 -20 = 


0 


X $18.00 = 


$ 0 




INDEPENDENT 
CLAIMS 














3 -3= 


0 


X $80.00 = 


0 




MULTIPLE DEPENDENT CLAIM(S) {if applicable) 


+ $270.00 




BASIC FEE" 


□ U.S. PTO WAS INTERNATIONAL PRELIMINARY EXAMINATION 
AUTHORITY 

Where an International preliminary examination fee as set forth 
in § 1.482 has been paid on the international application to the 
U.S. PTO: 

□ and the international preliminary examination report 
states that the criteria of novelty, inventive step (non- 
obviousness) and industrial activity, as defined in PCT 
Article 33(1) to (4) have been satisfied for all the 
claims presented in the application entering the 
national stage (37 C.F.R. § 1.492(a)(4)) $100.00 

□ and the above requirements are not met (37 C.F.R. 

§ 1.492(a)(1)) $690.00 






H U.S. PTO WAS NOT INTERNATIONAL PRELIMINARY 
EXAMINATION AUTHORITY 

Where no international preliminary examination fee as set forth 
in § 1.482 has been paid to the U.S. PTO, and payment of an 
international search fee as set forth in § 1.445(a)(2) to the U.S. 
PTO: 

□ has been paid (37 C.F.R. § 1.492(a)(2)) $710.00 

□ has not been paid (37 C.F.R. § 1.492(a)(3)) $1000.00 

3 where a search report on the international application 

has been prepared by the European Patent Office or 

the Japanese Patent Office (37 C.F.R. 

5 1.492faU5l \ .... $890 . 00 


















Total of above Calculations 


$890.00 


SMALL 
ENTITY 


Reduction by 1/2 for filing by small entity, if applicable. Assertion 
must be made, (note 37 C.F.R. § 1.27) 






Subtotal 


$890.00 




Total National Fee 


$ $890.00 




Fee for recording the enclosed assign 
C.F.R. § 1.21(h)). (See Item 13 below). 
COVER SHEET". 


mem document $40.00 (37 
See attached "ASSIGNMENT 


^0.00 


TOTAL 


Total Fees enclosed 


$ $890i-Q0 
130. 00 
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*See attached Preliminary Amendment Reducing the Number of Claims. 

LI Attached is a O check □ money order in the amount of $ 930.00 (includ ing ass ignment 

Eg Authorization is hereby made to charge the amount of $ fee - ) 

S to Deposit Account No. 23-0442 for any fee deficiency. 

□ to Credit card as shown on the attached credit card information authoriza- 
tion form PTO-2038. 
WARNING: Credit card information should not be included on this form as it may become public. 

□ Charge any additional fees required by this paper or credit any overpayment 

in the manner authorized above. 
A duplicate of this paper is attached. 

"WARNING: T o avoid abandonment of the application the applicant shall furnish to the United States Patent 
and Trademark Office not later than the expiration of 30 months from the priority date: * * * (2) 
the basic national fee (see § 1.492(a)). The 30-month time limit may not be extended. " 37 C.F.R. 
§ 1.49503). 

WARNING: If the translation of the international application and/or the oath or declaration have not been 
submitted by the applicant within thirty (30) months from the priority date, such requirements may 
be met within a time period set by the Office. 37 C.F.R. § 1.495(b)(2). The payment of the surcharge 
set forth in § 1.492(e) is required as a condition for accepting the oath or declaration later than 
thirty (30; months after the priority date. The payment of the processing fee set forth in § 1.492(f) 
is required for acceptance of an English translation later than thirty (30) months after the priority 
date. Failure to comply with these requirements will result in abandonment of the application. The 
provisions of § 1.136 apply to the period which is set Notice of Jan. 3, 1993, 1147 O.G. 29 to 
40. 

□ Assertion of Small Entity Status 

□ Applicant hereby asserts status as a small entity under 37 C.F.R. § 1.27. 

NOTE: 37 C.F.R. § 1.27(c) deals with the assertion of small entity status, whether by a written specific 
declaration thereof or by payment as a small entity of the basic filing fee or the fee for the entry into 
the national phase as states: 

"(c) Assertion of small entity status. Any party (person, small business concern or nonprofit 
organization) should make a detennination, pursuant to paragraph (f) of this section, of entitlement 
to be accorded small entity status based on the definitions set forth in paragraph (a) of this section, 
and must, in order to establish small entity status for the purpose of paying small entity fees, actually 
make an assertion of entitlement to small entity status, in the manner set forth in paragraphs (c)(1) 
or (c)(3) of this section, in the application or patent in which such small entity fees are to be paid. 

(1) Assertion by writing. Small entity status may be established by a written assertion of entitlement 
to small entity status. A written assertion must: 

(i) Be clearly identifiable; 

(ii) Be signed (see paragraph (c)(2) of this section); and 

(lii) Convey the concept of entitlement to small entity status, such as by stating that applicant 
is a small entity, or that small entity status is entitled to be asserted for the application or patent. 
While no specific words or wording are required to assert small entity status, the intent to assert 
small entity status must be clearly indicated in order to comply with the assertion requirement. 

(2) Parties who can sign and file the written assertion. The written assertion can be signed by: 

(i) One of the parties identified in §§ 1.33(b) (e.g., an attorney or agent registered with the Office), 
§§ 3.73(b) of this chapter notwithstanding, who can also We the written assertion; 

(ii) At least one of the individuals identified as an inventor (even though a §§ 1.63 executed oath 
or declaration has not been submitted), notwithstanding §§ 1.33(b)(4), who can also file the 
written assertion pursuant to the exception under §§ 1.33(b) of this part; or 

(lii) An assignee of an undivided part interest, notwithstanding §§ 1.33(b)(3) and 3. 73(b) of this 
chapter, but the partial assignee cannot file the assertion without resort to a party identified under 
§§ 1.33(b) of this part. 
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(3) Assertion by payment of the small entity basic filing or basic national fee. The payment, by any 
party, of the exact amount of one of the small entity basic filing fees set forth in §§ 1.16(a), (f), 
(g), fa), or (k), or one of the small entity basic national fees set forth in §§ 1.492(a)(1), (a)(2), (aX3), 
(a)(4), or (a)(5), will be treated as a written assertion of entitlement to small entity status even if the 
type of basic filing or basic national fee is inadvertently selected in error. 
0) If the Office accords small entity status based on payment of a small entity basic filing or basic 
national fee under paragraph (c)(3) of this section that is not applicable to that application, any 
balance of the small entity fee that is applicable to that application will be due along with the 
appropriate surcharge set forth in §§ 1.16(e), or §§ 1.16(1). 

(ti) The payment of any small entity fee other than those set forth in paragraph (c)(3) of this section 
(whether in the exact fee amount or not) will not be treated as a written assertion of entitlement 
to small entity status and wilt not be sufficient to establish small entity status in an application 
or a patent." 

3. m A copy of the Internationa! application as filed (35 U.S.C. § 371(c)(2)): 

NOTE: Sect/on 1.495 (b) was amended to require that the basic national fee and a copy of the international 
application must be filed with the Office by 30 months from the priority date to avoid abandonment. 
The International Bureau normally provides the copy of the international application to the Office in 
, . accordance with PCT Article 20. At the same time, the International Bureau notifies applicant of the 

communication to the Office. In accordance with PCT Rule 47. 1, that notice shall be accepted by all 
Q designated offices as conclusive evidence that the communication has duly taken place. Thus, if the 

Q applicant desires to enter the national stage, the applicant normally need only check to be sure the 

notice from the International Bureau has been received and then pay the basic national fee by 30 months 
from the priority date." Notice of Jan. 7, 1993, 1147 O.G. 29 to 40, at 35-36. See item 14c below. 

ff. a. □ is transmitted herewith. 

hi b.. □ is not required, as the application was filed with the United States 

fill Receiving Office, 

f c. £] has been transmitted 

i. @ by the International Bureau, 
m Date of mailing of the application (from form PCT/1 B/308): 



ii. □ by applicant on (Date) 

4. tJ A translation of the International application into the English language 
(35 U.S-C. § 371(c)(2)): 

a. is transmitted herewith. 

b. □ is not required as the application was filed in English. 

c. □ was previously transmitted by applicant on (Date) 

d. □ will follow. 
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5. El Amendments to the claims of the International application under PCT Article 1 9 
(35 U.S.C. § 371(c)(3)): 

NOTE: The Notice of January 7, 1993 points out that 37 C.F.R. § 1.495(a) was amended to clarify the existing 
and continuing practice that PCT Article 19 amendments must be submitted by 30 months from the 
priority date and this deadline may not be extended. The Notice further advises that: 'The failure to 
do so will not result in loss of the subject matter of the PCT Article 19 amendments. Applicant may 
submit that subject matter in a preliminary amendment filed under section 1.121. In many cases, filing 
an amendment under section 1.121 is preferable since grammatical or idiomatic errors may be 
corrected." 1147 O.G. 29-40, at 36. 

a. □ are transmitted herewith. 

b. □ have been transmitted 

i. □ by the International Bureau. 

Date of mailing of the amendment (from form PCT/1B/308): 



ii. □ by applicant on (Date) ^ c/ ^gj> 

ft have not been transmitted as P/Sgt-'Al. /kMgtfPAtgtfT" f^sf^/ip. 

i. □ applicant chose not to make amendments under PCT Article 19. 
Date of mailing of Search Report (from form PCT/lSA/210.): 



ii. □ the time limit for the submission of amendments has not yet 
expired. The amendments or a statement that amendments have 
not been made will be transmitted before the expiration of the time 
limit under PCT Rule 46.1. 

6. M A translation of the amendments to the claims under PCT Article 19 

(38 U.S.C. § 371(c)(3)): 

a. □ is transmitted herewith. 

b. □ is not required as the amendments were made in the English language. 

c. gf has not been transmitted for reasons indicated at point 5(c) above. 

7. 8? A copy of the international examination report (PCT/lPEA/409) 

W is transmitted herewith. 

□ is not required as the application was filed with the United States 
Receiving Office. 

8. □ Annex(es) to the international preliminary examination report 

a. □ is/are transmitted herewith. 

b. □ is/are not required as the application was filed with the United States 

Receiving Office. 

9. □ A translation of the annexes to the international preliminary examination report 

a. □ is transmitted herewith. 

b. □ is not required as the annexes are in the English language. 
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10. EJ An oath or declaration of the inventor (35 U.S.C. § 371(c)(4)) complying with 

35 U.S.C. § 115 

a. □ was previously submitted by applicant on . (Date) 

b. @ 1 is submitted herewith, and such oath or declaration 

i. □ is attached to the application. 

ii. 5* identifies the application and any amendments under PCT Article 

19 that were transmitted as stated in points 3(b) or 3(c) and 5(b); 
and states that they were reviewed by the inventor as required by 
37 C.F.R. § 1.70. 

c. □ will follow. 

II. Other document(s) or information included: 

11. H An International Search Report (PCT/ISA/210) or Declaration under 

PCT Article 17(2)(a): 

is transmitted herewith. 

has been transmitted by the International Bureau. 
Date of mailing (from form PCT/IB/308): 21 AUG " 2000 
is not required, as the application was searched by the United States 
International Searching Authority, 
wilt be transmitted promptly upon request, 
has been submitted by applicant on (Date) 

12. An Information Disclosure Statement under 37 C.F.R. §§ 1.97 and 1.98: 

a. 83 is transmitted herewith. 
Also transmitted herewith is/are: 

f_f Form PTO-1449 (PTO/SB/08A and 08B). 
53f Copies of citations listed. 

b. □ will be transmitted within THREE MONTHS of the date of submission 
of requirements under 35 U.S.C. § 371(c). 

□ was previously submitted by applicant on . 



a. 




b. 


® 


c. 


□ 


d. 


□ 


e. 


□ 



13. H An assignment document is transmitted herewith for recording. 

A separate 83 "COVER SHEET FOR ASSIGNMENT (DOCUMENT) ACCOMPA- 
NYING NEW PATENT APPLICATION" or □ FORM PTO 1595 is also attached. 
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14. jp Additional documents: 

a. □ Copy of request (PCT7RO/101) 

b. 0 International Publication No. WO 00/72098 Al 
i- tl Specification, claims and drawing 

ii. □ Front page only 

c. 0 Preliminary amendment (37 C.F.R. § 1.121) 

d. □ Other 



15. 3 The above checked items are being transmitted 

a. E3 before 30 months from any claimed priority date. 

b. □ after 30 months. 

16. □ Certain requirements under 35 U.S.C. § 371 were previously submitted by the 

applicant on , namely: 



AUTHORIZATION TO CHARGE ADDITIONAL FEES 

WARNING: Accurately count claims, especially multiple dependant claims, to avoid unexpected high charges 
if extra claims are authorized. 

NOTE: "A written request may be submitted in an application that is an authorization to treat any concurrent 
or future reply, requiring a petition for an extension of time under this paragraph for its timely submission, 
as incorporating a petition for extension of time for the appropriate length of time. An authorization to 
charge all required fees, fees under § 1.17, or all required extension of time fees will be treated as 
a constructive petition for an extension of time in any concurrent or future reply requiring a petition 
for an extension of time under this paragraph for its timely submission. Submission of the fee set forth 
in § 1.17(a) will also be treated as a constructive petition for an extension of time in any concurrent 
reply requiring a petition for an extension of time under this paragraph for its timely submission." 37 
C.F.R. § 1.136(a)(3). 

NOTE: "Amounts of twenty-five dollars or less will not be returned unless specifically requested within a 
reasonable time, nor will the payer be notified of such amounts; amounts over twenty-live dollars may 
be returned by check or, if requested, by credit to a deposit account" 37 C.F.R. § 1.26(a). 

S Please charge, in the manner authorized above, the following additional fees that 
may be required by this paper and during the entire pendency of this application: 
(3 37 C.F.R. § 1.492(a)(1), (2), (3), and (4) (filing fees) 

WARNING: Because failure to pay the national fee within 30 months without extension (37 C.F.R. § 1.495(b)(2)) 
results in abandonment of the application, it would be best to always check the above box. 
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® 37 C.F.R. § 1.492(b), (c) and (d) (presentation of extra claims) 
NOTE: Because additional fees for excess or multiple dependent claims not paid on filing or on later presentation 
must only be, paid or these claims cancelled by amendment prior to the expiration of the time period 
set for response by the PTO in any notice of fee deficiency (37 C.F.R. § 1.492(d)), it might be best 
not to authorize the PTO to charge additional claim fees, except possible when dealing with amendments 
after final action. 

□ 37 C.F.R. § 1.17 (application processing fees) 

6 37 C.F.R. § 1.17(a)(1H5) (extension fees pursuant to § 1.136(a). 

□ 37 C.F.R. § 1.18 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. § 1.311(b)) 

NOTE: Where an authorization to charge the issue fee to a deposit account has been tiled before the mailing 
of a Notice of Allowance, the issue fee will be automatically charged to the deposit account at the time 
of mailing the notice of allowance. 37 C.F.R. § 1.311(b). 

NOTE: 37 C.F.R. § 1.28(b) requires "Notification of any change in loss of entitlement to small entity status must 
be filed in the application . . . prior to paying, or at the time of paying . . . issue fee. " From the wording 
of 37 C.F.R. § 1.28(b): (a) notification of change of status must be made even if the fee is paid as "other 
than a smalt entity" and (b) no notification is required if the change is to another small entity. 

H 37 C.F.R. § 1.492(e) and (f) (surcharge fees for filing the declaration 
and/or filing an English translation of an International Application later 
than 30 months after the priority date). 



SIGNATURE OF PRACTITIONER 

Reg. No.: 28,333 Milton Oliver 



Tel. No.: ( 203 ) 261-1234 (type or print name of practitioner) 

WARE, FRESSOLA, VAN DER SLUYS & AD0LPHS0N LLP 

Bradford Green, Building Fiv o 

Customer No.: 004955 P.O. Address 

755 Main St., P.O. Box 224 

Monroe, CT 06468 
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THE U.S. PATENT & TRADEMARK OFFICE 
RAPPENECKER et al . 

09/ = § 371 of PCT/EP00/04358 

25 OCT. 2001 (HEREWITH) Att . Docket #: 870-3-140 
METHOD FOR NONVOLATILE STORAGE . . . 
2830 

PRELIMINARY AMENDMENT TO PCT APPLICATION 

Commissioner for Patents 25 OCT. 2 001 

Washington, D.C. 20231 

Sir: 

Prior to counting the claims, 
please amend the application as follows: 
IN THE SPECIFICATION : 

Cancel original pages 1, 4 & 7 and substitute the enclosed 
Replacement Sheets 1, 4 & 7. 

IN THE CLAIMS : 

Cancel claims 1-13, without prejudice, and add the following 
new claims : 

"Express Mail" Mailing Label No. EL 762 540 469 US 
Date of Deposit: OCT. 26, 2001 

I hereby certify that this document is being deposited with 
the United States Postal Service "Express Mail Post Office to 
Addressee" service under 3 7 C.F.R. 1.10 on the date indicated 
above and is addressed to the Commissioner for Patents 
Washington, D.C. 20231. 




IN 

Applicants : 
Serial #: 
Filed: 
Title: 
Art Unit: 



14. A method of operating an electric motor having a 
microprocessor that controls its commutation, said microprocessor 
having associated therewith a volatile memory and 

a nonvolatile memory, comprising the steps of: 

upon switch-on of the motor, loading an old operating data 
value from the nonvolatile memory into the volatile memory 
associated with the microprocessor, and saving the operating data 
value there as a variable; 

updating the value of the variable in the volatile memory at 
predetermined points in time; and 

replacing, at predetermined intervals, said operating data 
value stored in the nonvolatile memory by a current value of said 
variable . 

15. The method according to claim 14, further comprising 
performing said step of updating the value of the variable 

in the volatile memory during time intervals between commutation 
operations . 

16. The method according to claim 14, further comprising 
performing said loading of said operating data value 

from said nonvolatile memory into said volatile memory 
each time a reset of said microprocessor is performed. 

17. The method according to claim 1*J*, further comprising, 
as part of a reset operation, transferring the present value 

of the variable as the old operating data value into the 
nonvolatile memory (74) . 
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18. The method according to claim 14, further comprising 
the step of 

polling the operating data value saved in the nonvolatile 
memory via a data connection. 

19. The method according to claim 18, further comprising 
performing said polling of the operating data under control 

by said microprocessor. 

20. The method according to claim IV; wherein 

a temperature sensor is associated with the motor; and 
further comprising the step of 

saving an extreme value (OD_TM) of the temperature (T) 
sensed by said temperature sensor as an operating data value 
(FIG. 8: OD_TMAX) in the nonvolatile memory. 

21. The method according to claim 14, wherein the motor (32) 
comprises an A/D converter which converts an analog voltage into 
a digital value; and further comprising the step of 

saving, as an operating data value in the nonvolatile 
memory, an extreme value (0D_UBM) of the voltage converted by 
said A/D converter. 
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22. The method according to claim 14, further comprising 
saving a value (OD_COMM) corresponding to the number of 

commutations as an operating data value in the nonvolatile 
memory . 

23. The method according to claim 14, further comprising 
saving, in the nonvolatile memory, a duration of operation 

(OD_OH) of the motor as an operating data value. 

24. The method according to claim 14, further comprising, 
upon switch-on of the motor, 

loading a plurality of operating data values from the 
nonvolatile memory into respective variables in the volatile 
memory, and 

subsequently updating values of said variables, under 
control by said microprocessor. 

25 An electric motor comprising 

a microprocessor which controls commutation of the motor, 
a nonvolatile memory adapted to store motor operating data 

while said motor is off, and a volatile memory adapted to store 

motor operating data during operation of said motor, and 
means, responsive to switch-on of said motor, for 

transferring said motor operating data from said nonvolatile 

memory to said volatile memory. 

26. The electric motor according to claim 25, 
further comprising a data bus (82) connected between 

said motor and an interface (80) provided on said motor for 
enabling data traffic between an external device (87) connected 
to said interface, and said motor. 

27. The electric motor according to claim 26, wherein 
said data bus is a bidirectional data bus. 
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28. The electric motor according to claim 26, wherein 
said data bus is an inter-integrated-circuit (I 2 C) bus. 



29. An electronically commutated motor (ECM) comprising 
a microprocessor which controls commutation of the motor, 
a nonvolatile memory adapted to store motor operating data 
while said motor is off, and a volatile memory adapted to store 
motor operating data during operation of said motor. 

L , 30 • The motor of claim 29, wherein said nonvolatile memory 

q is an electrically erasable programmable read only memory 

U (EEPROM) and said volatile memory is a random access memory 

12 (RAM) . 

y" 

Ul 
CO 
s 

. - 

o 
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REMARKS 



Applicants have made the foregoing amendments to minimize 
filing fees and place the PCT application text in customary US 
format, so that all the claims can be considered on their merits. 
These changes were made for procedural reasons, and not made for 
any reason related to patentability. All multiple dependent 
claims have been cancelled. The foreign document mentioned on 
page 7 of the specification has a US equivalent which is 
identified in the Information Disclosure Statement filed 
herewith. If the Patent Office notes any remaining informalities 
which would prevent or hinder examination on the merits, 
a telephone call to Applicants' counsel is requested. 
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PO BOX 224 
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Tel. (203) 261-1234 
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METHOD FOR NONVOLATILE STORAGE OF AT LEAST ONE OPERATING DATA VALUE 
OF AN ELECTRICAL MOTOR, AND ELECTRICAL MOTOR FOR SAID METHOD 

FIELD OF THE INVENTION: 

The invention concerns a method for nonvolatile storage of at least 
one operating data value of an electric motor which comprises a 
microprocessor or microcontroller, hereinafter called a microprocessor, 
that controls its commutation, and a nonvolatile memory. It furthermore 
concerns a motor for carrying out such a method. 
SUMMARY OF THE INVENTION: 

It is an object of the invention to make available a method of the 
kind cited initially, and a corresponding electronically commutated motor. 

This object is achieved by [a method according to claim 1.] equipping 
the microprocessor- controlled motor with a nonvolatile memory which stores 
operating data values, and with a volatile memory, into which data is 
transferred, upon switch-on of the motor, as an operating variable. 
Periodically, the value of the operating variable is written back into the 
nonvolatile memory. The result is that the microprocessor responsible for 
commutation is occupied with further useful operations, namely with the 
updating of the at least one operating variable; and that said variable 
needs to be transferred, only at appropriate time intervals, to the 
nonvolatile memory. Fractions of an hour are, for example, a suitable time 
interval. The transfer can thus take place relatively infrequently, and 
therefore does not require a great deal of calculation time. Good accuracy 
of the data saved in the nonvolatile memory is nevertheless obtained, since 
electric motors usually run uninterruptedly for a long period during which 
their operating data change only slightly. 

A further preferred approach to achieving the object is 
to perform the data transfer into the nonvolatile memory when the 
microprocessor has spare time, for example between commutation operations, 
[evident from a method according to claim 2 . ] Because the at least one 
operating variable is updated in the time intervals between the commutation 
operations, the microprocessor is optimally utilized. 

Another way of achieving the stated object is [evident from the 
subject matter of claim 9.] to periodically record, in the nonvolatile 
memory, a count of the number of commutations the motor has undergone, as 
an indication of the amount of wear-and-tear the motor has had, and of the 
expected remaining service life. 

Further details and advantageous developments of the invention are 
evident from the exemplary embodiments - which are in no way to be 
understood as a limitation of the invention - that are described below and 
depicted in the drawings. [, and from the dependent claims. In the 
drawings : ] 

BRIEF FIGURE DESCRIPTION: 

1 REPLACEMENT SHEET 
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DETAILED DESCRIPTION OP A PREFERRED EMBODIMENT: 
GENERAL OVERVIEW (FIG. 1) 

FIG. 1 shows an over-view of an arrangement according to the present 
invention having an electric motor 3 2 that serves, for example, to drive a 
fan as shown in FIG. 1. Associated with electric motor 32 are a drive 
function "AF" 150, a temperature sensor 152, an operating data function 
"BDF" 89, an error function 85, an alarm function "ALARM" 86, a nonvolatile 
memory 74 (e.g. an EEPROM-Electrically Erasable Programmable Read-Only 
Memory), a bus 82, a bus interface 80, and an alarm output ALARM_OUT 88. 

Temperature sensor 152 serves to measure temperature T at motor 32 or 
in its vicinity, in order to control operations as applicable on the basis 
of said temperature T, for example to define a rotation speed n_s, 
dependent on said temperature, of motor 32; or to trigger an alarm signal 
if said temperature becomes too high; or to save the maximum values of said 
temperature . 

Drive function "AF" 15 0 ensures that electric motor 32 runs in a 
desired direction and at the desired rotation speed n_s . For that purpose, 
drive function "AF" 150 is connected via a connection 150A to electric 
motor 32. The drive function can be embodied, for example, as a commutation 
control system of an electronically commutated motor (ECM) . 

Drive function 150 is connected to bus 82, which is configured 
bidirectionally . Bus 82 has an interface 80 to which, for example, a PC 81 
can be connected. Via bus 82, drive function "AF" 150, operating data 
function "BDF" 89, error function 85, and alarm function "ALARM" 86 can be 
configured, for example, by PC 81 or by another input device. Data from 
these functions and from EEPROM 74 can, however, also be written onto bus 
82 and transferred via it to, for example, the external PC 81 or to another 
motor: for example, the number of operating hours of motor 32, or a datum 
concerning errors that have occurred, an extreme temperature, an excessive 
operating voltage, etc. 

Through a connection 154, electric motor 32 delivers operating data 
to operating data function "BDF" . The latter can save the operating data 
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In this embodiment, " RGL " function 70 is, by way of example, 
connected to a pulse width modulation generator (PWM generator) 100. The 
PWM generator comprises a control voltage generator 104, a triangular 
generator 106, and a comparator 102, and its manner of operation is 
described in more detail with reference to FIG. 3. Through output 107 of 
PWM generator 100, a signal PWM passes to two logical AND elements 108, 
110. The width of pulses 107A of signal PWM is variable. 

As a simple example, FIG. 2 depicts an electronically commutated 
motor 32 having a single phase 128. The principle of a simple motor of this 
kind is explained, for example, in DE 23 46 380 C and corresponding U.S. P. 
3,873,897. Motor 32 comprises a permanent -magnet rotor 130, a Hall sensor 
132, and an output stage 112. 

Output stage 112 has four npn transistors 114, 116, 118, 120 
connected as an H-bridge, and a low-resistance resistor 124 for current 
measurement . 

A current limiter "I<I raax " 125 receives a voltage corresponding to the 
value of motor current I measured at resistor 124 and, if motor current I 
is too high, influences control voltage generator 104 so as to reduce said 
current. Current limiter 125 is also associated with "CTRL" function (motor 
current monitor) 71 in uC 23. 

The signal of Hall sensor 13 2 is delivered to an evaluation circuit 
134, which contains a lowpass filter e.g. in the form of a comparator and 
which generates signal HALL, depicted in FIG. 4, that is delivered to "AF" 
function 150. The latter controls two outputs OUT1 and 0UT2 which control 
upper transistors 114, 116 and (via AND elements 108, 110) lower 
transistors 118, 120. 

uC 23 furthermore has a ROM 96, a RAM 97, and a timer 98 which is 
also referred to as TIMER0 . ROM 96 is usually programmed together with the 
manufacture of uC 23. It can also be arranged outside ]iC 23, as can RAM 97 
and timer 98, as is known to those skilled in the art. 
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METHOD FOR NONVOLATILE STORAGE OF AT LEAST ONE OPERATING DATA VALUE 
OF AN ELECTRICAL MOTOR, AND ELECTRICAL MOTOR FOR SAID METHOD 

?\£LV OP THE /Ml/£NTim: 

The invention concerns a method for nonvolatile storage of at least 
one operating data value of an electric motor which comprises a 
microprocessor or microcontroller, hereinafter called a microprocessor, 
that controls its commutation, and a nonvolatile memory. It furthermore 
concerns a motor for carrying out such a method. 

It is an object of the invention to make available a method of the 
kind cited initially, and a corresponding electric motor. 

This object is achieved by£a method according to claim l~j 4 
The result is that the microprocessor responsible for commutation is 
occupied with further useful operations, namely with the updating of the at 
least one operating variable; and that said variable needs to be 
transferred, only at appropriate time intervals, to the nonvolatile memory. 
Fractions of an hour are, for example, a suitable time interval. The 
transfer can thus take place relatively infrequently, and therefore does 
not require a great deal of calculation time. Good accuracy of the data 
saved in the nonvolatile memory is nevertheless obtained, since electric 
motors usually run uninterruptedly for a long period during which their 
operating data change only slightly. 

A further preferred approach to achieving the object is^vident from 
a method according to claim 2^ Because the at least one operating variable 
is updated in the time intervals between the commutation operations, the 
microprocessor is optimally utilized. 

Another way of achieving the stated object isjevident from 
the subject matter of claim 9~J ^AjLa^JULs^sJj2^ /l&^siJl y J^l £JLgL < 

Further details and advantageous developments of the invention are 
evident from the exemplary embodiments - which are in no way to be 
understood as a limitation of the invention - that are described below and 
depicted in the drawings, and from the dependent claims. In the drawings: 



GENERAL OVERVIEW (FIG. 1) 

FIG. 1 shows an overview of an arrangement according to the present 
invention having an electric motor 32 that serves, for example, to drive a 
fan as shown in FIG. 1. Associated with electric motor 32 are a drive 
function »AF" 150, a temperature sensor 152, an operating data function 
"BDF" 89, an error function 85, an alarm function "ALARM " 86, a nonvolatile 
memory 74 (e.g. an EEPROM4 , a bus 82, a bus interface 80, and an alarm 

output alarm out 88. £leotr>c-*Hy £r« sa ble ?req r«**Mcih\e *- e *A"°*ly 

Temperature sensor 152 serves to measure temperature T at motor 32^^°^/ 
in its vicinity, in order to control operations as applicable on the basis 
of said temperature T, for example to define a rotation speed n s, 
dependent on said temperature, of motor 32; or to trigger an alarm signal 
if said temperature becomes too high; or to save the maximum values of said 
temperature . 

Drive function "AF" 150 ensures that electric motor 32 runs in a 
desired direction and at the desired rotation speed n_s . For that purpose, 
drive function "AF" 150 is connected via a connection 150A to electric 
motor 32. The drive function can be embodied, for example, as a commutation 
control system of an electronically commutated motor (ECM) . 

Drive function 150 is connected to bus 82, which is configured 
bidirectionally. Bus 82 has an interface 80 to which, for example, a PC 81 
can be connected. Via bus 82, drive function "AF» 150, operating data 
function "BDF" 89, error function 85, and alarm function "ALARM" 86 can be 
configured, for example, by PC 81 or by another input device. Data from 
these functions and from EEPROM 74 can, however, also be written onto bus 
82 and transferred via it to, for example, the external PC 81 or to another 
motor: for example, the number of operating hours of motor 32, or a datum 
concerning errors that have occurred, an extreme temperature, an excessive 
operating voltage, etc. 

Through a connection 154, electric motor 32 delivers operating data 
to operating data function -BDF". The latter can save the operating data 
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In this embodiment, "RGL" function 70 is, by way of example, 
connected to a pulse width modulation generator (PWM generator) 100. The 
PWM generator comprises a control voltage generator 104, a triangular 
generator 106, and a comparator 102, and its manner of operation is 
described in more detail with reference to FIG. 3. Through output 107 of 
PWM generator 100, a signal PWM passes to two logical AND elements 108, 
110. The width of pulses 107A of signal PWM is variable. 

As a simple example, FIG. 2 depicts an electronically commutated 
motor 32 having a single phase 128. The principle of a simple motor of this 
kind is explained, for example, in DE 23 46 380 CsftfJ C-O V pCrsAlna 
Motor 32 comprises a permanent -magnet rotor 130, a Hall sensor 132, and an 
output stage 112. 

Output stage 112 has four npn transistors 114, 116, 118, 120 
connected as an H-bridge, and a low-resistance resistor 124 for current 
measurement . 

A current limiter "I<I nax " 125 receives a voltage corresponding to the 
value of motor current I measured at resistor 124 and, if motor current I 
is too high, influences control voltage generator 104 so as to reduce said 
current. Current limiter 125 is also associated with "CTRL" function (motor 
current monitor) 71 in yC 23. 

The signal of Hall sensor 132 is delivered to an evaluation circuit 
134, which contains a lowpass filter e.g. in the form of a comparator and 
which generates signal HALL, depicted in FIG. 4, that is delivered to "AF" 
function 150. The latter controls two outputs OUT1 and OUT2 which control 
upper transistors 114, 116 and (via AND elements 108, 110) lower 
transistors 118, 120. 

PC 2 3 furthermore has a ROM 96, a RAM 97, and a timer 98 which is 
also referred to as TIMER0. ROM 96 is usually programmed together with the 
manufacture of yC 23. It can also be arranged outside pC 23, as can RAM 97 
and timer 98, as is known to those skilled in the art. 



23 OCT. 2001 



7 



10/03H38 

mmmnr 2? oct 2001 

METHOD FOR NONVOLATILE STORAGE OF AT LEAST ONE OPERATING DATA VALUE 
OF AN ELECTRICAL MOTOR, AND ELECTRICAL MOTOR FOR SAID METHOD 

The invention concerns a method for nonvolatile storage of at least 
one operating data value of an electric motor which comprises a 
microprocessor or microcontroller, hereinafter called a microprocessor, 
that controls its commutation, and a nonvolatile memory. It furthermore 
concerns a motor for carrying out such a method. 

It is an object of the invention to make available a method of the 
kind cited initially, and a corresponding electric motor. 

This object is achieved by a method according to claim 1. 
The result is that the microprocessor responsible for commutation is 
occupied with further useful operations,- namely with the updating of the at 
least one operating variable; and that said variable needs to be 
transferred, only at appropriate time intervals, to the nonvolatile memory. 
Fractions of an hour are, for example, a suitable time interval. The 
transfer can thus take place relatively infrequently, and therefore does 
not require a great deal of calculation time. Good accuracy of the data 
saved in the nonvolatile memory is nevertheless obtained, since electric 
motors usually run uninterruptedly for a long period during which their 
operating data change only slightly. 

A further preferred approach to achieving the object is evident from 
a method according to claim 2 . Because the at least one operating variable 
is updated in the time intervals between the commutation operations, the 
microprocessor is optimally utilized. 

Another way of achieving the stated object is evident from 
the subject matter of claim 9. 

Further details and advantageous developments of the invention are 
evident from the exemplary embodiments - which are in no way to be 
understood as a limitation of the invention - that are described below and 
depicted in the drawings, and from the dependent claims. In the drawings: 
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FIG. 1 is a general overview of an arrangement according to the 
present invention having an electric motor; 

FIG. 2 is an overview circuit diagram of a preferred embodiment 
having an electronically commutated motor; 

FIG. 3 shows exemplary diagrams of voltages and signals occurring in 
triangular generator 100 of FIG. 2; 

FIG. 4 is a schematic diagram of a signal HALL detected by a rotor 
position sensor 132 and transferred to \1C 23 of FIG. 2; 

FIG. 5 is an overview diagram of error function 85 and alarm function 
86 implemented in FIG. 1; 

FIG. 6 shows a main program in the form of a function manager that 
can preferably be used in the context of a motor according to the present 
invention; 

FIG. 7 depicts a control word having eight bits that serve, in the 
function manager of FIG. 6, to request the execution of functions or to 
reset said requests; 

FIG. 8 is a table with objects which contain parameters for motor 32 
of FIG. 2; 

FIG. 9 shows a control word DI_CTRL that is used by the error 
function (FIGS . 2 and 23); 

FIG. 10 shows a state word DI_STATE that is used by the error 
function; 

FIG. 11 shows an error code DI_C0DE that is used by the error 
function; 

FIG. 12 shows a reaction word DI_REAC that is used by the error 
function; 
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FIG. 13 is a flow chart of the "Hall Interrupt" function of FIG. 6; 
FIG. 14 is a flow chart of the "TTMERO Interrupt" function of FIG. 
FIG. 15 is a flow chart of the "Operating Data Function" of FIG. 6; 
FIG. 16 is a flow chart of the "A/D" function of FIG. 6; 
FIG. 17 is a flow chart of the "Error Detection" function of FIG. 6 
FIG. 18 depicts a RAM region of uC 23 of FIG. 2; 

FIG. 19 is a flow chart of a "CHK_CALC" function for calculating a 
check value for memory checking; 

FIG. 20 is a flow chart of a " RAM_CHK_SET " function which serves to 
calculate a check value RAM_CHK and save it at a predetermined point in a 
RAM region; 

FIG. 21 is a flow chart of the "RAM_CHK_TEST" function of FIG. 17, 
which serves for memory checking ; 

FIG. 22 is a flow chart of a "NEW_DIST" function which is called in 
the event of a new error; 

FIG. 23 is a flow chart of the "Error Function" routine of FIGS. 1 
and 6; and 

FIG. 24 is a flow chart of the "COMM" routine of FIG. 6. 

In the flow charts hereinafter, Y = Yes and N = No . Identical or 
identically functioning parts are labeled with the same reference 
characters and usually are described only once. 
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GENERAL OVERVIEW (FIG. 1) 

FIG. 1 shows an overview of an arrangement according to the present 
invention having an electric motor 32 that serves, for example, to drive a 
fan as shown in FIG. 1. Associated with electric motor 32 are a drive 
function "AF" 150, a temperature sensor 152, an operating data function 
"BDF" 89, an error function 85, an alarm function "ALARM" 86, a nonvolatile 
memory 74 (e.g. an EE PROM ) , a bus 82, a bus interface 80, and an alarm 
output ALARM_OUT 88. 

Temperature sensor 152 serves to measure temperature T at motor 32 or 
in its vicinity, in order to control operations as applicable on the basis 
of said temperature T, for example to define a rotation speed n_s, 
dependent on said temperature, of motor 3 2; or to trigger an alarm signal 
if said temperature becomes too high; or to save the maximum values of said 
temperature . 

Drive function "AF" 150 ensures that electric motor 32 runs in a 
desired direction and at the desired rotation speed n_s . For that purpose, 
drive function "AF" 150 is connected via a connection 150A to electric 
motor 32. The drive function can be embodied, for example, as a commutation 
control system of an electronically commutated motor (ECM) . 

Drive function 150 is connected to bus 82, which is configured 
bidirectionally. Bus 82 has an interface 80 to which, for example, a PC 81 
can be connected, via bus 82, drive function "AF" 15 0, operating data 
function "BDF" 89, error function 85, and alarm function "ALARM" 86 can be 
configured, for example, by PC 81 or by another input device. Data from 
these functions and from EEPROM 74 can, however, also be written onto bus 
82 and transferred via it to, for example, the external PC 81 or to another 
motor: for example, the number of operating hours of motor 32, or a datum 
concerning errors that have occurred, an extreme temperature, an excessive 
operating voltage, etc. 

Through a connection 154, electric motor 32 delivers operating data 
to operating data function "BDF". The latter can save the operating data 
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via a connection 160 in nonvolatile memory 74 ("SAVE DATA"), or write them 
onto bus 82 ("WRITE BUS") so that said data can be read by PC 81 via bus 
interface 80. 

An error in electric motor 32 is reported, via connection 156, to 
error function 85. Upon occurrence of an error, the latter can modify 
rotation speed target value n_s ("SET n_s") via a connection 162 that leads 
to drive function "AF" 150; write into nonvolatile memory 74, via a 
connection 166, data concerning the error and instantaneous operating data 
that are obtainable via a connection 164 from operating data function "BDF" 
89 ("SAVE DATA") ; output data concerning the error and instantaneous 
operating data via bus 82 ( "WRITE BUS"); or, via a connection 168, trigger 
an alarm in alarm function 86 ("ALARM") . 

Alarm function 86 either receives a signal from error function 85 via 
a connection 168, or receives a signal directly from motor 32 via a 
connection 158. The alarm function can write data concerning the alarm and 
instantaneous operating data into nonvolatile memory 74 via a connection 
170 ("SAVE DATA"), and/or it writes said data onto bus 82 ("WRITE BUS"), 
and/or it outputs a signal via a line ALARMJDUT 88 ("WRITE ALARM_OUT") . 

Nonvolatile memory 74 can contain data that were saved by functions 
89, 85, 86, and that can also be read out again by them and can be 
outputted, for example, when polled via bus 82. Nonvolatile memory 74 can 
moreover contain configuration parameters for functions 150, 89, 85, 86. 

Connected to bus 82 is a clock CLK 149 that is backed up by a battery 
14 8 and thus runs continuously. The following models are suitable, 
for example, for an I 2 C bus: PCF8563, PCF8573, or PCF8583. 
By means of clock 149, it is possible to save in EEPROM 74 
the time of day at which an error occurred, and optionally also the date. 

The configuration of a preferred arrangement according to FIG. 1 and 
of a program used in its context will be described in more detail below. 
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MOTOR OVERVIEW (FIG. 2) 

FIG. 2 shows an overview of a preferred exemplary embodiment of an 
electronically commutated motor (ECM) 32 according to the present 
invention. The latter is controlled by means of a microcontroller (yC) 23, 
or alternatively a microprocessor. uC 23 has an A/D converter 60, a 
characteristic function 68, a "RGL" function (controller function) 70, a 
"CTRL" function (motor current monitor) 71, a "CTRL EEPROM" function 72, a 
"COMM" function (communication function) 78, " FEHLER " function (error 
function) 85, "ALARM" function 86, " BDF" function (operating data function) 
89, and "AF" function (drive function) 150. 

A resistor 52 is connected between a node 56 and ground (GND) , and a 
resistor 54 is present between an operating voltage U B and node 56. Node 56 
is connected to input 57 of A/D converter 60. This arrangement serves to 
digitize a value corresponding to operating voltage U B . 

A Negative Temperature Coefficient (NTC) resistor 62 (in temperature 
sensor 152) is connected between a node 66 and ground (GND) , and a resistor 
64 is connected between a regulated voltage Vcc (e.g. +5V) and node 66. 
Node 66 is connected to input 67 of A/D converter 60. This arrangement 
serves to digitize a temperature sensed with NTC resistor 62 . 

EEPROM 74 is connected via a bus 76 to "CTRL EEPROM" function 72. 
Instead of EEPROM 74 it is possible to use, for example, a flash ROM, a 
reprogrammable flex ROM line, or another nonvolatile memory. EEPROM 74 can 
optionally be integrated into uC 23. 

Bus interface 80 is connected via bus 82 to communication function 
COMM 78. The latter is in turn connected via a line 84 to "CTRL-EEPROM" 
function 72 and to other functional elements of ]1C 23. 

"ALARM" function 86 can output a signal at output ALARM_OUT 88. 
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In this embodiment, "RGL" function 70 is, by way of example, 
connected to a pulse width modulation generator (PWM generator) 100. The 
PWM generator comprises a control voltage generator 104, a triangular 
generator 106, and a comparator 102, and its manner of operation is 
described in more detail with reference to PIG. 3. Through output 107 of 
PWM generator 100, a signal PWM passes to two logical AND elements 108, 
110. The width of pulses 107A of signal PWM is variable. 

As a simple example, FIG. 2 depicts an electronically commutated 
motor 32 having a single phase 128. The principle of a simple motor of this 
kind is explained, for example, in DE 23 46 380 C. 

Motor 32 comprises a permanent -magnet rotor 13 0, a Hall sensor 132, and an 
output stage 112. 

Output stage 112 has four npn transistors 114, 116, 118, 120 
connected as an H-bridge, and a low-resistance resistor 124 for current 
measurement . 

A current limiter "I<I Tax " 125 receives a voltage corresponding to the 
value of motor current I measured at resistor 124 and, if motor current I 
is too high, influences control voltage generator 104 so as to reduce said 
current. Current limiter 125 is also associated with "CTRL " function (motor 
current monitor) 71 in \1C 23. 

The signal of Hall sensor 132 is delivered to an evaluation circuit 
134, which contains a lowpass filter e.g. in the form of a comparator and 
which generates signal HALL, depicted in FIG. 4, that is delivered to "AF" 
function 150. The latter controls two outputs 0UT1 and 0UT2 which control 
upper transistors 114, 116 and (via AND elements 108, 110) lower 
transistors 118, 120. 

uc 23 furthermore has a ROM 96, a RAM 97, and a timer 98 which is 
also referred to as TIMER0 . ROM 96 is usually programmed together with the 
manufacture of uC 23. It can also be arranged outside yC 23, as can RAM 97 
and timer 98, as is known to those skilled in the art. 
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MODE OF OPERATION 

Phase 128 is energized by means of transistor output stage 112. 
Outputs 0UT1, 0UT2 control transistors 114, 116, 118, 120 that are 
connected as H-bridge 112. If 0UT1 is HIGH and 0UT2 is LOW, transistors 114 
and 118 are conductive and a current flows from operating voltage +U B 
through transistor 114, stator winding 128, transistor 118, and resistor 
124 to ground GND. It is assumed in this discussion that signal PWM (line 
107) is continuously HIGH, since otherwise AND elements 108, 110 and 
therefore transistors 118, 120 are blocked. 

If OUT1 is LOW and OUT2 is HIGH, a current then flows from U B through 
transistor 116, through stator winding 128 in the opposite direction, and 
through transistor 12 0 and resistor 124 to ground GND. 

The alternating magnetic flux generated by stator winding 128 exerts 
a torque on permanent -magnet rotor 130 and drives it. In this exemplary 
embodiment, rotor 13 0 is depicted with four poles. 

The position of rotor 130 is sensed via Hall sensor 132. The latter 's 
Signal is filtered through a lowpass filter in circuit 134 and processed to 
yield a square-wave digital signal HALL (FIG. 4), which is delivered to 
"AF" function 150. 

"AF" function 150 controls outputs OUT1, 0UT2 on the basis of signal 
HALL. In this example, the commutation of motor 32 is accomplished 
electronically and is explained below with reference to FIG. 13. "AF" 
function 150 moreover ensures correct commutation for reliable operation of 
motor 32, for example in the event of an overload of transistor output 
stage 112. Commutation can also be implemented in such a way that 
transistors 114 through 120 are commutated earlier as the rotation speed 
increases, somewhat analogously to ignition advance in a gasoline engine. 
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Of course the invention is similarly suitable for any type of motor, 
e.g. for three-phase ECMs and others. This is therefore only a simple 
exemplary embodiment in order to facilitate understanding of the invention. 

In this exemplary embodiment, rotation speed control is achieved by 
controlling pulse duty factor PWM_TV of signal PWM at output 107 of 
controller 100, i.e. by making pulses 107A longer or shorter (see FIG. 3C 
for a definition of pulse duty factor PWM_TV) . The greater this pulse duty 
factor, the longer pulses 107A become, and the longer the output of and 
element 108 or 110 (controlled at the time by 0UT1 or OUT2) is switched to 
HIGH, stator winding 128 is therefore energized for a longer period, and 
motor 32 is more strongly driven. If OUT1 is HIGH and OUT2 is LOW, for 
example, upper transistor 114 is made conductive, and lower transistor 118 
is switched on and off by AND element 108 in accordance with signal PWM. 

In this exemplary embodiment, " RGL " function 70 controls rotation 
speed n of motor 32 via PWM generator 100. For that purpose, "RGL " function 
70 has available to it rotation speed n of rotor 130, which is calculated 
using signal HALL (see description with reference to FIG. 4), and rotation 
speed target value n_s, which in this exemplary embodiment is determined by 
characteristic function 68. Rotation speeds n and n_s can be present, for 
example, in the form of Hall times t_H (FIG. 4), e.g. in units of 
microseconds or seconds; or as rotation speeds, e.g. in units of 
revolutions per minute. 

In this example, characteristic function 68 associates a rotation 
speed target value n_s (T) with each temperature T sensed by sensor 152 of 
FIG. 1. Temperature T is sensed by means of NTC resistor 62 which, together 
with resistor 64, constitutes a voltage divider between Vcc and ground (cf . 
FIG. 2). The potential at node 66, which constitutes an indication of the 
temperature of resistor 62, is digitized by A/D converter 60 located in ]iC 
23, and delivered to characteristic function 68. 



23 OCT. 2001 



9 



From temperature T, characteristic function 68 determines rotation 
speed target value n_s (T) of motor 32. For that purpose the value n_s (T) 
pertinent to temperature T is loaded, for example via a "CTRL EEPROM" 
function 72, from a temperature/ rotation speed target value table in EEPROM 
74 . 

The "COMM" function manages bus interface 80 over which data can be 
transferred from outside into \iC 23, and over which, conversely, data can 
be transmitted to the outside from uC 23. For example, data that arrive in 
uc 23 via bus interface 80 by means of "COMM" function 78 can be written, 
via connection 84 and by means of "CTRL EEPROM" function 72, into EEPROM 
74 . 

PWM GENERATOR (FIG . 3) 

FIG. 3A shows a triangular signal ul06 of triangular generator 106, 
and a control output ul04 that is generated by control voltage generator 
104. FIG. 3B shows pulses 107A resulting from FIG. 3A, and FIG. 3C shows 
the calculation of pulse duty factor PWM_TV of pulses 107A. 

Triangular signal ul06 from triangular generator 106 is depicted in 
idealized fashion. In reality it is not perfectly triangular in shape, 
although this makes no difference in terms of the manner of operation of 
PWM generator 100 of FIG. 2. Triangular signal ul06 has an offset 139 from 
voltage 0V. Control output ul04 therefore causes a pulse duty factor PWM_TV 
> 0 only when it is greater than offset 139. 

Pulse duty factor PWM_TV of signal PWM is the ratio between the 
duration t 0N that signal PWM is HIGH during one period of triangular signal 
ul06, and one entire period T of triangular signal ul06 (cf. FIG. 3B) . The 
equation is : 

PWM_TV = t 0N / T (1) 
Pulse duty factor PWM_TV can be between 0 and 100%. For example, if 
the motor rotation speed is too high, control output ul04 is then decreased 
and pulse duty factor PWM_TV is thus made smaller, as depicted in FIG. 3A. 
This entire procedure is referred to as pulse width modulation (PWM) . 
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A motor 32 according to the present invention can, of course, also be 
operated without pulse width modulation, e.g. without control or with a 
different kind of control. This serves only as an example to facilitate 
comprehension. 
SIGNAL HALL (FIG. 4) 

FIG. 4 shows signal HALL, which corresponds to the position of rotor 
130 sensed by Hall sensor 132 (FIG. 1) and is delivered to uC 23 via 
circuit 134 (FIG. 2) . 

As an example, rotor 130 can have a rotation speed n = 6000 rpm, 
corresponding to 100 revolutions per second. One mechanical rotation of 
rotor 130 then lasts 10 ms . Rotor 130 is depicted with four poles in this 
exemplary embodiment, so that four Hall changes - two from HIGH to LOW and 
two from LOW to HIGH - take place in one mechanical revolution (360' 
mech.) . One electrical revolution (360° el.), on the other hand, has 
already taken place after only two Hall changes. In a four-pole motor, 
therefore, two electrical revolutions take place for one mechanical 
revolution. 

Rotation speed n is calculated from Hall time t_H (FIG. 4) between 
two Hall changes, using 

t_H = T / P (2) 
In addition, T = (60 seconds) / n (3) 
Combining (2) and (3) yields 

t_H = ((60 seconds) / n) / P (4) 

where 

T = duration (in seconds) of one mechanical revolution of rotor 13 0; 
P = number of poles of the rotor (here P = 4) ; and 
n = rotation speed in rpm. 
If n = 6000 rpm and P = 4, equation (4) yields 

t_H = 60 seconds / 6000 / 4 = 2.5 ms . 
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At a rotation speed of 60 00 rpm, time offset t_H between two changes 
of signal HALL is therefore 2.5 ms, as depicted by way of example in FIG. 
4 . 

OVERVIEW OF ERROR AMD ALARM FUNCTIONS (FIG. 5) 

FIG. 5 shows an overview of the interaction, in terms of program 
engineering, between error function 85 and "ALARM" function 86 for a motor 
32 as shown in FIG. 1. 

"Sensor interruption" function 91, "bus error check" function 92, 
"temperature check" function 94, and "rotation speed check" function 95 are 
depicted in the top row. The number 93 represents any further checks that 
are not depicted. 

Considered in terms of program engineering, the checks are located at 
the point at which the respective measurement takes place. When A/D 
converter 60 is polled, for example, a check is made on the basis of the 
value in "sensor interruption check" 91 as to whether a "sensor 
interruption" of NTC resistor 62 (FIG. 1) is present (cf. FIG. 16, S226 
below). This means that in FIG. 2, the connection to NTC resistor 62 is 
interrupted at point 62a and/or 62b, i.e. the line has been broken. In this 
case "sensor interruption check" 91 reports an error, i.e. it generates an 
error signal. This is subsequently noted by "error function" 85 (FIG. 23), 
which then decides what else will happen. For example, it can set rotation 
speed target value n_s to a maximum value and request an alarm from alarm 
function 86. This is described in detail below with reference to FIG. 23, 
and happens on the basis of parameters that are saved in EE PROM 74 and can 
be modified. 

"Temperature check" 94 and "rotation speed check" 95 occupy a special 
place. Temperature and rotation speed are so important for the 
functionality of a fan that an excessive deviation in rotation speed, or 
the fact that a predetermined temperature has been exceeded, is forwarded 
directly to "alarm function" 86. 

Other errors, however, for example a sensor interruption in NTC 
resistor 62, do not rule out satisfactory operation of the fan 
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and can therefore be processed by error function 85 (FIG. 23) . 
Error function 85 can be parameterized as desired by the customer, 
as will be described later. 
FUNCTION MANAGER (FIGS. 6 and 7) 

FIG. 6 shows a flow chart with one possible embodiment of the main 
program executing in uC 23, in the form of a so-called function manager 
601. 

The task of the main program is to react to events, e.g. to a change 
in signal HALL; also to make resources, in particular calculation time, 
available to each function as necessary; and to observe priorities in 
assigning resources. 

After motor 32 is switched on, an internal reset is triggered in uC 
23, and initialization of uC 23 takes place in S600. In this context, data 
are loaded from EE PROM 74 into RAM 9 7 of UC 23 so that they are quickly 
available for program execution. A memory test is also accomplished, as 
described below. 

After initialization, execution jumps into function manager 601, 
which begins in S602 . Those functions that are time-critical and must be 
executed at each pass are executed first. These include functions "COMM" in 
S604 (cf. FIG. 24), "A/D" in S606 (cf. FIG. 16), »I_max» in S608", and 
"RGL" in S610. 

In "COMM" function (S604) , communication via bus 82 (FIG. 1) is 
monitored. At a baud rate of, for example, 2 K, bus 82 must be checked 
every 250 microseconds. 

In S606, A/D converter 60 (FIG. 2) is polled. It digitizes the 
potentials at inputs 57, 67. Further A/D converters for digitizing further 
potentials can be present. 

In S608, an "I_max" motor current limiting routine that may be 
present is executed. 
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The "RGL" function for controlling rotation speed n is called in 

S610. 

FIG. 7 shows an example of a function register 605 in which one bit 
is reserved for each of the functions in S622, S626, S630, S634, and S638 
(FIG. 6) . 

In this example, function register 605 is one byte long, and the 
following bits, beginning at the least significant bit (LSB) , are defined 
for the requestable functions explained below: 

FCT_KL for the characteristic function 

FCT_n for the rotation speed calculation function 

FCT_AL_n for the alarm rotation speed check 

FCT_DIST for error detection 

FCT_BDF for the operating data function. 

The remaining bits are reserved for additional requestable functions 
that may be inserted into the function manager as necessary. 

If, in FIGS. 6 and 7, a specific requestable function is to be 
requested by another function or by an interrupt routine, the bit of the 
function to be requested is set in function register 605 to 1, for example 
FCT_AL_n := 1. if function manager 601 (FIG. 6) then finds, at the pass 
following this request, no other requestable function with a higher 
priority, the aforesaid function (i.e. the alarm rotation speed check) is 
therefore called in S630. 

Once a requested function has been executed, it sets its bit in 
function register (FIG. 7) back to 0, (e.g. FCT_AL_n := 0) at the end of 
S630 . 

Once the requestable function has been performed, execution jumps 
back to S602 at the beginning ( " FCT_MAN " ) of function manager 601. 

In FIG. 6, after S610 the program begins with the most important 
requestable function and checks in a predetermined sequence as to whether 
its request bit is set. If so, the requested function is then performed. 
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The higher up such a function is located in function manager 601, the 
higher its priority. 

S62 0 checks whether request bit FCT_KL is set. If it is set, the 
characteristic function is called, in S622. 

If FCT_n is set in S624, the rotation speed calculation function is 
called in S626 . 

If FCT_AL_n is set in S62 8, the alarm rotation speed check is called 
in S630. 

If FCT_DIST is set in S632, error detection (described with reference 
to FIG. 17) is called in S634. 

If FCT_BDF is set in S63 6, the operating data function (described 
with reference to FIG . 15) is called in S638. 

If none of the request bits of function register 605 was set, an 
error function is executed in S640 and an alarm function in S642, and 
execution branches back to S602. See FIG. 23 regarding error function S640; 
it can also be referred to as an error monitoring routine, since it 
monitors whether any of the other routines has reported an error, and then 
implements a reaction to that error. 

FIG. 6 also symbolically shows a Hall interrupt 611 (FIG. 13) , which 
has the highest priority Ll (level 1) . It interrupts all the processes of 
function manager 601, as symbolized by an arrow 613, in order to achieve 
precise commutation of motor 32. A Hall interrupt 611 is generated each 
time signal HALL changes in FIG. 4, and it causes an incrementing of 
commutation counter CNT_COM as described with reference to FIG. 13. 
Commutation of motor 32, i.e. the generation of signals OUT1 and OUT2 , is 
also controlled directly or indirectly by the Hall interrupts 611 in order 
to make the motor run smoothly (cf . also FIG. 13) 

Depicted below Hall interrupt 611 at 615 is a TIMER0 interrupt of 
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timer TIMER0 98 (FIG. 2). It has a lower priority L2 and interrupts all 
processes below it, as indicated by arrow 617. It is described with 
reference to FIG. 14. 

If Hall interrupt 611 and TIMERO interrupt 615 were requested 
simultaneously, they would be executed in the order of their priority. 

The subsequent functions have increasingly lower priorities, frojn L3 
for the "COMM" function in S604 to L13 for the alarm function in S642 . 

In this fashion, it is possible to classify the various "needs" of 
motor 32 into a predetermined hierarchy, and to use the resources of uC 2 3 
optimally for the operation of motor 32. Error function S640 and alarm S642 
are thus executed only when pC 23 presently has free calculation time. 
OBJECT TABLE (FIG. 8) 

FIG. 8 shows a table 111 with objects that contain configuration 
parameters for motor 32. The individual objects have an index, a memory 
type, access rights, and a name. 

Object table 111 is saved in a nonvolatile memory, in this exemplary 
embodiment in EEPROM 74 (FIG. 1). After each reset of uC 23, upon 
initialization in S600 (FIG. 6) object table 111 is transferred by "CTRL 
EEPROM " function 72 out of EEPROM 74 into RAM 97 of uC 23, and is thereupon 
available to the program (FIG. 6) executing in uC 23. 

The index in table 111 is indicated hexadecimally, a "Ox" before a 
number indicating hexadecimal notation. The memory type is either 
"unsignedS" (one byte with no sign bit), »unsignedl6" (two bytes with no 
sign bit), or "unsigned24" (three bits with no sign bit). The access rights 
are R (read) and W (write) . The objects can be read out and modified. The 
name of the object makes utilization easier. The names denote: 
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DIST_CTRL Control word for the error function 
D I S T_S TATE State word for the error function 
DlST_CODE Error code for the error function 
DIST_REAC Reaction word for the error function 
n_DIST Error rotation speed 

t_COMM_TO Maximum time-out time for the communication function 
OD_TMAX Temperature for the operating data function 

OD_UBMAX Operating voltage for the operating data function 
OD_OHO Operating hours (e.g. in units of 10 minutes) for the 

operating data function 

0D_C0MMUT Total number of commutations (e.g. in units of 10,000) 
for the operating data function 

Because of the open structure of object table 111, it is easily 
possible to insert new objects using a standardized procedure and to expand 
the table as desired. Any modification of object table 111 and thus of the 
configuration is preferably accomplished via bus 82, "COMM" function 78 
(FIG. 2), and " CTRL EEPROM" function 72. Configuration can be performed to 
the customer's specification before delivery, or customers can be given the 
capability to make modifications themselves. 
EXPLANATION OF THE OBJECTS IN OBJECT TABLE 111 

DIST_CTRL is the control word for error monitoring routine 85 that is 
labeled S640 in FIGS. 6 and 23. Its structure is evident from FIG. 9 and 
the accompanying description. Depending on its content, this word causes an 
error either to be saved in EEPROM 74 or not to be saved. When DIST_CTRL is 
loaded into RAM 97, it is labeled DI_CTRL. 

DIST_STATE is a state word for the error function. When D I S T_S TATE is 

loaded into RAM 9 7, it is labeled DI STATE . The structure of DI_STATE is 

evident from FIG. 10 and the accompanying description. It indicates in its 
bit 7 whether an error is present, and its bits 0 through 2 approximately 
define the type of error that has occurred, e.g. an error in commutation or 
an error in sensor 152 . 
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DIST_CODE contains error codes for error function 85 which specify 
the error more precisely, when DIST_CODE is loaded in RAM 97, it is labeled 
DI_CODE. Its structure is evident from PIG. 11 and the accompanying 
description. There can be, for example, four separate error codes 
concerning the type of transfer error for error class DS_COMM of state word 

DI_STATE . 

DIST_REAC is a reaction word for error function 85, and indicates how 
the motor is to react to an error, e.g. by stopping or braking, or with 
maximum rotation speed. When DIST_REAC is loaded into RAM 97, it is labeled 
DI_REAC. Its structure is evident from FIG. 12 and the accompanying 
description. FIG. 23 shows how it is evaluated. 

n_DIST is the error rotation speed. This is a fixed rotation speed at 
which motor 32 is to run in the event of an error (cf . FIG. 23, S3 78 and 
S380) . 

t_COMM_TO is the maximum time-out time for the communication 
function. It determines the transfer rate on bus 82. 

OD_TMAX is the extreme upper value of temperature T measured by 
sensor 152. This value operates in exactly the same way as a "maximum 
thermometer," but digitally. Every 10 minutes, a check is made as to 
whether the present temperature is higher than the saved value ODJTMAX; if 
so, the new, higher value is saved in EEPROM 74 as ODJTMAX. This can be 
important for the analysis of errors. 

ODJJBMAX is the extreme upper value of operating voltage UB of motor 
32. Every 10 minutes, a check is made as to whether the present operating 
voltage UB is higher than the saved value OD_UBMAX; if so, the new, higher 
value is saved in EEPROM 74 as OD_UBMAX. This can be important for the 
analysis of errors. 

0D_0H0 is the total number of operating hours of motor 32, measured 
in units of 10 minutes; OD_OHO = 6,000 thus means 1,000 operating hours. 
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At startup, OD_OHO is loaded into RAM 97 and continuously updated 
therein by means of the routine shown in FIG. 14. Every 10 minutes the 
updated value is written into EEPROM 74 together with other values, as 
explained with reference to FIG. 15. 

OD_COMMUT is the total number of Hall interrupts 611 (FIG. 4) . Since 
each Hall interrupt causes a commutation (cf. FIG. 13), this is an 
indication of the total number of revolutions of rotor 13 0. 

The number of commutations is saved in units of 10,000, so a value of 
200,000 indicates that 2 billion commutations have taken place. With a 
four-pole rotor 13 0 this corresponds to 500 million revolutions, and at a 
constant 3,000 rpm this would correspond to an operating time of 
approximately 2,800 hours. This figure provides information about the 
expected remaining service life of the bearings of motor 32 . 

At startup, OD_COMMUT is loaded into RAM 97 and is continuously 
updated therein by means of the routine shown in FIG. 13. Every 10 minutes 
the updated value is written into EEPROM 74 together with other values, as 
explained with reference to FIG. 15. 

Upon occurrence of an error, the present values (in RAM 97) of 
0D_TMAX, ODJJBMAX, OD_OHO, and 0D_C0MMUT are saved in a FIFO of EEPROM 74 
(cf . FIG. 22, S346, push_OD_DATA) . 

Object table 111 (FIG. 8) thus contains a kind of "curriculum vitae" 
of motor 32; and, by modifying the first four objects, it is possible to 
define whether and how motor 32 reacts to an error, what is to be saved and 
how, where an alarm will be outputted, etc. In other words, corresponding 
parameters can be defined and entered into the motor. 
CONTROL WORDS AND STATE WORDS 

FIG. 9 shows a control word DI_CTRL, which has the same structure as 
object DIST_CTRL from object table 111 (FIG. 8) and which serves for data 
exchange between the operating system (FIG. 6) and the individual error 
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functions. It is located in RAM 97, into which the value of DIST_CTRL (FIG. 
8) is loaded in "INIT" S600 at the start of the main program after a reset 
of pC 23. The bits of DI_CTRL are serially numbered 0 through 7. 

Bit 0 is named DC_LATCH. If DC_LATCH = NO_LATCH, i.e. LOW (0), an 
error is not saved, and the error state is reset after the error 
disappears. If DC_LATCH = LATCH, however, i.e. HIGH (1), an error state is 
not cleared until a request to do so comes via bus 82. 

Bits 1 through 6 are not used here, and are reserved (RES) for future 
uses and enhancements . 

Bit 7 is named DC_CLEAR, and is used to clear an error state. To do 
so, the value of DC_CLEAR, which is 0 in the base state, must be set to 1 
and then back to 0, as indicated in FIG. 9. 

FIG. 10 shows a state word DI_STATE, which corresponds to object 
D I S T_S TATE (FIG. 8) and is initialized in " INIT" S600 in the same way as 
DI_CTRL . 

Bits 0 through 2 are named DS_CLASS, and DS_CLASS can assume the 
(decimal) values 0 through 7. DS_CLASS contains the error class. The error 
classes are defined as follows: 
DS_yC (0) Error in \iC 2 3 
DS_C0MM (1) Communication error 

DS_SENS (2) Error in the sensor or sensors, e.g. NTC resistor 

62 

DS_HW (3) Error elsewhere in the hardware. 

The remaining values 4 through 7 of DS_CLASS are not used (RES) in 
this exemplary embodiment. 

Bits 3 through 6 are not used (RES) . 

Bit 7 is named DS_ACTIVE. If DS_ACTIVE = NO_DIST (0), no error is 
present and the content of DS_CLASS is irrelevant. If DS_ACTIVE = DIST (l) , 
an error is present and DS_CLASS contains the error class. 
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FIG. 11 shows an error code DI_CODE which specifies the error more 
precisely. After each reset of yC 23, in S600 (FIG. 6) the value of object 
DIST_CODE (FIG. 8) is written to DI_CODE. DI_CODE is 16 bits long, and can 
therefore represent values from 0 to 65535. One thousand values are 
provided for each of the individual error classes (FIG. 10) . 

Values (VAL) 0 through 999 are reserved for class DS_UC, i.e. for 
errors of uC 23. The error code definitions are as follows: 

DN_WDT Error in a watchdog timer 

DN_CHKS_ROM Checksum error in ROM 96 

DN__CHKS_RAM Checksum error in static portion 142 of RAM 97 

DN_CHKS_EEPROM Checksum error in EEPROM 74 
DN_TEST_RAM Error in internal RAM test of lie 23. 

Values 1000 through 1999 are reserved for class DS_C0MM. The error 
code definitions are as follows: 

DN_TIME0UT_TRANS FER Time-out error during a transfer 

DN_TIME0UT_BUS Time-out error during access to bus 82 
DN_PROT_ERR Invalid transfer protocol (e.g. 9 data bits) 

DN_INVAL_DATA Invalid data 

Values 2000 through 2999 are reserved for class DS_SENS0R. The error 
code definitions are as follows : 

DN_SENSOR_INTERRUPT Sensor interruption (interruption at point 

62a or 62b of FIG. 2) 

DN_SENSOR_SHORT Sensor short circuit (between points 62a and 62b) 

Values 3000 through 3999 are reserved for class DS_HW (HW = 
hardware). The error code definitions are as follows: 

DN_DRIVER_FAULT Error in output stage 112 (FIG. 2) . 

The remaining values are not defined here (RES) . 
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FIG. 12 shows a reaction word DI_REAC which indicates the reaction 
that should occur in response to an error. DI_REAC corresponds to object 
DIST_REAC of FIG. 8 and, like DI_CTRL, it is written out from object table 
111 in S600 (FIG. 6), along with the value of object DIST_REAC, after a 
reset of p.C 23 . 

Bits 0 through 2 are named DR_REAC, and DR_REAC can assume a 
(decimal) value (VAL) of 0 through 7. DR_REAC contains the reaction by the 
error function in response to an error. The reactions are defined as 
follows : 

DR_OFF No reaction 

DR_n_max Maximum rotation speed 

DR_n_min Minimum rotation speed 

DR_n_0 Zero rotation speed 

DR_n_DIST Specific error rotation speed 

DR_BRAKE Zero rotation speed and active braking of motor 32. 

Bit 3 is named DR_AL. If DR_AL = DR_AL_OFF, no alarm is requested 
from alarm function 86 in the event of an error. If, on the other hand, 
DR_AL = DR_AL_ON, then an alarm is requested from alarm function 86 in the 
event of an error. Bits 4 through 7 are not used here (RES) . 
HALL INTERRUPT AND TIMERO INTERRUPT 

FIG. 13 shows the portions essential in this context of a "Hall 
interrupt" routine S147 that is called upon occurrence of a Hall interrupt 
(611 in FIG. 6) . A Hall interrupt 611 is triggered at each change in signal 
HALL (FIG. 4) from HIGH to LOW or from LOW to HIGH, i.e. at times t = 0, 
2.5, 5, 7.5, and 10 ms in the example of FIG. 4. 

S151 is a general designation of steps that pertain to the 
calculation of HALL time t_H (FIG. 4), e.g. stopping a corresponding timer, 
etc. 

In steps S153, S155, and S157, the edge of signal HALL at which the 
next Hall interrupt is to be triggered in uC 23 is set. For that purpose, 
S153 checks whether HALL = 1 . If Yes, in S155 the edge at which the next 
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Hall interrupt is to be triggered is set to a trailing edge {HIGH -> LOW) . 
If No, then in S157 the resolution is set to a leading edge (LOW -> HIGH) . 

In S159, 0UT1 and OUT2 are set to zero, i.e. motor 32 is made 
currentless. The purpose of this is to interrupt H-bridge 112 briefly, 
so that a short circuit cannot occur in it during a commutation. 

A variety of steps can be performed in S159A, e.g. restarting of a 
counter (not depicted) for the measurement of t_H. These program steps 
should last, for example, 50 microseconds. 

In S161 through S165, commutation is performed. If HALL = 1 in S161, 
then in S163 OUT1 is set to 1 while OUT2 remains at 0 (cf . S159) . If HALL = 
0 in S161, then in S165 OUT2 is set to 1 while OUT1 remains at 0 (cf . 
S159) . 

The signal OUTl=l causes transistors 114 and 118 to be switched on, 
as already described; and the signal OUT2=l causes transistors 116 and 12 0 
to be switched on. 

Steps S167 through S171 represent a counter with which a counter 
0D_C0M, which is loaded after each reset of jiC 23 in S600 (FIG. 6) with the 
value of object OD_COMMUT from object table 111, is incremented by 1 e.g. 
every 10,000 commutations. 

To achieve this, in S167 a counter CNT_C0M is incremented by 1 at 
each Hall interrupt. S169 checks whether CNT_C0M > 9999. If Yes, then in 
S171 CNT_COM is set to 1, and counter 0D_C0M is incremented by 1 . If 
CNT_COM is not greater than 9999 in S169, execution then branches directly 
to the end at S172 . 

The number of commutations is required in FIG. 6 for the operating 
data function S63 8 and error function S64 0. 

FIG. 14 shows a portion of " TIMER 0 interrupt" routine S173, which is 
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labeled 615 in FIG. 6. Every 256 microseconds, for example, timer TIMERO 
triggers a TIMERO interrupt. TIMERO can therefore be used for time 
measurements . 

Step S174 represents any other applications of timer 98 that are not 
depicted here. 

Steps S175 through S180 represent a subtimer that executes a step 
S180, for example, every 10 minutes. A timer CNT_TI, which is incremented 
by 1 at each TIMERO interrupt in S176, is used for this purpose. S178 
checks whether CNT_TI > 2,399,999. If Yes, execution branches to S180; 
otherwise it branches to the end S182 . 

If CNT_TI has reached a value of 2,400,000, this means that 256 
microseconds have elapsed 2,400,000 times. This corresponds to exactly 10 
minutes. CNT_TI is then reset back to 1 in S180 . An "operating hour 
counter" OD_OH in RAM 97, to which the value of object OD_OHO is written 
from EE PROM 74 after each reset of pC 23, is incremented by 1; and bit 
FCTJBDF of function register 605 of FIG. 6 is set, so that "operating data 
function" S638 is called by function manager 601 (cf . FIG. 6) in order to 
load specific operating data values into EEPROM 74. 

"Operating hour counter" OD_OH in RAM 97 therefore contains, in this 
case, the total operating time of the fan in units of 10 minutes, as does 
operating hour counter 0D_0H0 in EEPROM 74 . 
OPERATING DATA FUNCTION BDF (FIG. 15) 

FIG. 15 shows "operating data function" S638 (FIG. 6), which is 
called when function manager 601 (FIG. 6) reaches step S636 and bit FCT_BDF 
of function register 605 (FIG. 7) has been set, for example by the subtimer 
in the "TIMERO interrupt" routine S170 (FIG. 14) . In the present exemplary 
embodiment, this happens every 10 minutes. 

"Operating data function" S63 8 serves to save important operating 
data values (e.g. maximum fan temperature or operating hours) in EEPROM 74, 
for example in order to obtain a criterion for replacement of the fan. 
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These data can then be read out of EE PROM 74 and furnish a kind of "health 
bulletin" about motor 32. 

"Disease bulletins" about motor 32 can additionally be saved in a 
FIFO of EE PROM 74 if such "diseases" occur. These disease bulletins can 
also be read out of the EE PROM later, and furnish a kind of log of the 
error that occurred and, optionally, its cause, e.g. excessive temperature, 
overvoltage, or end of service life. 

In this embodiment of operating data function BDF, S190 checks 
whether the present operating voltage U_B which was digitized by A/D 
converter 60 is greater than the previous highest operating voltage OD_UBM. 
If Yes, in S192 U_B is assigned to the value OD_UBM, and object ODJJBMAX, 
which in this exemplary embodiment is located at point pOD_UBMAX in EE PROM 
74, is set to the new value OD_UBM using the instruction write_EE. The 
point at which an object is located in EEPROM 74 (cf . FIG. 8) is designated 
by a "p" prefix. For example, pOD_UBMAX is the point in EEPROM 74 at which 
object OD_UBMAX is located (cf. FIG. 8). The maximum operating voltage 
UBMAX is important because too high an operating voltage accelerates wear 
on the electronic components. It would similarly be possible to retain a 
minimum operating voltage (undervoltage) . 

S194 checks whether the present temperature T, which is measured with 
sensor 152, is greater than the previous maximum temperature OD_TM. If Yes, 
then in S196 the new maximum temperature is assigned to the previous 
maximum temperature OD_TM, and object OD_TMAX in object table 111 (FIG. 8) 
is, by analogy with S192, overwritten with the new maximum value OD_TM 
using the instruction write_EE. (The parameter pOD_MAX once again indicates 
the point in EEPROM 74 at which object 0D_TMAX is stored.) 

In S198, the present operating hours located in 0D_0H are written, 
using the instruction write_EE, into object OD_OHO (FIG. 8) of EEPROM 74, 
so that they are retained even when fan 32 is switched off. 



23 OCT. 2001 



25 



The measurement of operating hours OD_OH is explained with reference to 
FIG. 14. 

In S200 the present number of commutations, which is stored in 
OD_COM, is written into object OD_COMMUT (FIG. 8) using the instruction 
write_EE. Measurement of the number of commutations is explained with 
reference to FIG. 13. 

In S202, request bit FCT_BDF is reset to zero since "operating data 
function" S638 is completely executed, and function S638 ends at S204. 
ERROR DETECTION 

FIG. 16 shows a flow chart with a portion of "A/D" function S606 
(FIG. 6) . 

In S22 0, the potential at input 57 of A/D converter 60 (FIG. 2) is 
read in using the instruction AD(AD_UB), and is saved in U_B . The value U_B 
corresponds to the present operating voltage UB, e.g. 4 0 V. 

In S222, the potential at input 67 of A/D converter 60 (FIG. 6) is 
read in using the instruction AD (AD_T) , and is saved in T. The value T 
corresponds to a present temperature at NTC resistor 62, e.g. 84 *C. 

Any further steps, for example a request for "characteristic 
function" S622, are performed in S224. 

S226 checks whether a sensor interruption is present, i.e. whether 
the connection to NTC resistor 62 is interrupted at point 62a or 62b. This 
is the case if the value for T is less than a sensor interruption value 
T_SI. If so, at S228 temperature value T is set to T_SI, and the program 
prepares to call a NEW_DIST function which is explained with reference to 
FIG. 22. For this purpose, error class DS_uC and error code 
DN_SENSOR_lNTERRUPT for the sensor short-circuit error are saved into 
variables TEMP_CLASS and TEMP_CODE, respectively, and NEW_DIST (FIG. 22) is 
called in S230. 
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S232 checks analogously for a sensor short circuit, i.e. a short 
circuit between points 62a and 62b in FIG. 2. This is done by determining 
whether value T is greater than a sensor short-circuit value T_SS . If Yes, 
then in S234 value T is set to sensor short-circuit value T_SS, variables 
TEMP_CLASS and TEMP_CODE are set to the values for a sensor short circuit, 
and NEW_DIST (FIG. 22) is called in S23 6. 

Further steps follow, if applicable, in S238. The A/D routine ends at 

S240 . 

Instead of or in addition to operating voltage U_B, a different 
voltage, e.g. a 12V auxiliary voltage being used, could also be measured in 
order to save its extreme value. 

FIG. 17 is a flow chart for "error detection" function S634 (FIG. 6) . 
This is a requestable function that must be requested using request bit 
FCT_DIST=1. It is requested upon initialization (S600 in FIG. 6) after the 
motor is switched on, and thereafter approximately every 100 ms by a timing 
member, e.g. a counter controlled by TIMERO . The effect of the error 
detection function is therefore that the memories are checked every 100 ms . 

In S272 a "RAM_CHK_TEST" function is performed, in S274 a 
"ROM_CHK_TEST" function, and in S276 a " EEPROM_CHK_TE ST" function. These 
functions check whether an error has occurred in RAM 97, ROM 96, or EE PROM 
74. It is possible, for example, for a bit in RAM 97 to "flip"; this can 
lead to errors in the program of uC 23 and thus to unreliable operation of 
fan 32 . 

In S277, request bit FCT_DIST is reset to zero since "error 
detection" function S634 has been completely executed. 

The memory tests will be explained with reference to the subsequent 
Figures, using the example of the "RAM_CHK_TEST" function for testing RAM 
97. The tests for EE PROM 74 and ROM 96 proceed in entirely analogous 
fashion. 
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FIG. 18 shows a region 140 of RAM 97, which in this case is divided 
into a static region "STATIC" 142 and a non-static (dynamic) region 
"NONJSTATIC" . 

For illustration, memory words Wl through Wll are sequentially 
numbered. Region "STATIC" 142 comprises memory words Wl through W7 . Memory 
word W8 contains variable RAM_CHK 14 6 which serves to check region "STATIC" 
142. Region "STATIC" 142 contains, for example, functions and constants. 
Region "NON_STATIC" 144 comprises memory words W9 through Wll and contains, 
for example, variables. 

FIG. 19 shows a "CHK_CALC" function S2 90 which serves to calculate a 
check value CHK. For this, in S2 92 CHK is set to zero and a loop counter N 
is also set to zero. 

A loop begins in S294. N is incremented by 1 each time, and an XOR 
operation on CHK and RAM (N) is performed. RAM (N) is the memory word in RAM 
region 140 (FIG. 18) at point WN. S296 checks whether N < 7. If No, this 
means an XOR of CHK with memory words Wl through W7, and thus with all the 
memory words in region "STATIC" 142, has been made, and the routine goes to 
Step S298 (END) . 

FIG. 20 shows a flow chart for " RAM_CHK_SET " function S300 which is 
used to set RAM_CHK 146 (FIG. 18) . 

The "CHK_CALC" function (FIG. 19) , which calculates check value CHK, 

is called in S302. In S304 this value is saved in RAM_CHK 146 (FIG. 18), 
i.e. in word W8 of RAM region 14 0. The routine ends at S3 06. 

The " RAM_CHK_SET " function is called, for example, after each reset 
of \iC 23 in S600 (FIG. 6) . If a memory word in region "STATIC" 142 (FIG. 
18) is deliberately modified during the runtime, "RAM_CHK_SET" S300 must be 
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called again. In ROM 96, a corresponding ROM_CHK check word is calculated 
and entered before ROM 96 is "burned." 

FIG. 21 is a flow chart of the " RAM_CHK_TEST " function (S272 in FIG. 
17). In S312, the "CHK_CALC" function (S290 in FIG. 19) is called again, 
and check value CHK is calculated. 

In S314, CHK is compared to the saved value RAM_CHK 146 (FIG. 18) . If 
the two values are not equal, an error has occurred in region "STATIC" 142, 
and execution branches to S316. In S316, variable TEMP_CLASS is loaded with 
DS_uC and variable TEMP_CODE is loaded with DN_CHKS_RAM, and in S318 the 
"NEW_DIST" function (FIG. 22) is called. 

If the values RAM_CHK and CHK are identical in S3 14, the routine 
branches directly to S32 0 (END) . 

The memory checks of ROM 96 and EEPROM 74 proceed analogously. 
Instead of the XOR procedure it is also possible to use, for example, a 
checksum method or another check method, e.g. CRC (cyclic redundancy 
check) . 

FIG. 22 shows a flow chart of "NEW_DIST" function S340 which is 
called each time an error is detected. 

S342 checks whether state word bit DS_ACTIVE =1 (cf . FIG. 10) . If 
Yes, then an error is already present; execution branches to the end S34 8 
and the new error is ignored. The reason for this is that one error can 
lead to consequential errors; the first, oldest error is therefore the most 
important for analysis. 

If S342 finds that a new error is present (DS_ACTIVE = 0) , execution 
then branches to S344 . In S344 DS_ACTIVE (FIG. 10) is set to 1, and error 
class DS_CLASS and error code DI_C0DE are set to the respective values 
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TEMP_CLASS and TEMP_CODE set by the calling function. FIG . 21 shows, for 
example, that TEMP_CLASS has been set to DS_J1C. 

In S346, error class DS_CLASS, error code DI_CODE, and the present 
operating data OD_DATA are saved, by means of an instruction push_FIFO, in 
a FIFO in EEPROM 74. OD_DATA can contain, for example, the present 
temperature, present operating hours, present number of commutations, error 
class, error code, and - if a real-time clock (FIG. 1) is present - the 
present time of day and date. 

Processor 23 then sets a state signal that is continuously checked by 
a PC 81 connected thereto and causes the latter to call the saved data 
regarding errors. If motor 32 is stationary as a result of the errors, e.g. 
because its rotor 130 is jammed, PC 81 can switch on a reserve motor (not 
depicted) , or an alarm is triggered. If motor 32 is a fan, PC 81 can switch 
another fan to a higher rotation speed so that cooling continues to be 
guaranteed. 

ERROR FUNCTION (ERROR MONITORING ROUTINE) 

FIG. 23 is a flow chart of error function S640 (FIG. 6) , 
which can also be referred to as the error monitoring routine. 

S362 checks or monitors, on the basis of DS_ACTIVE (FIG. 10), whether 
an error is present. If DS_ACTIVE = 0, no error is present; and execution 
branches to the end (S3 90) . 

If DS_ACTIVE = 1, an error is present, and a reaction that is 
determined by value VAL of DR_REAC (FIG. 12) is implemented. 

If DR_REAC = DR_OFF , execution jumps from S364 directly to S386, and 
no reaction occurs . 

If DR_REAC = DR_n_max, execution jumps from S366 to S368. In S368, 
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n_const is set to 1 and "rotation speed calculation" function S626 (FIG. 6) 
is thereby informed that a constant rotation speed is now defined. In 
addition, rotation speed target value n_s is set to a maximum rotation 
speed n_max, pulse duty factor PWM_TV of pulses 107A (FIG. 2) being set to 
100%. 

If DR_REAC = DR_n_min in S370, then in S372 n_const is set to 1 and 
rotation speed target value n_s is set to a minimum rotation speed n_min. 
This rotation speed is then specified to controller 70 as the rotation 
speed target value . 

If DR_REAC = DR_n_0 in S374, then in S376 n_const is set to 1 and 
rotation speed target value n_s is set to 0. For this purpose, transistors 
114, 116, 118, 120 in FIG. 2 are made nonconductive so that motor 32 no 
longer receives current. 

If DR_REAC = DR_n_DIST in S378, then in S380 n_const is set to 1 and 
rotation speed target value n_s is set to error rotation speed n_DIST which 
is defined by object n_DIST (FIG. 8) . This rotation speed n_DIST can be 
conveyed to controller 70 as rotation speed target value n_s . 

If DR_REAC = DR_BRAKE in S382, then in S384 n_const is set to 1, 
rotation speed target value n_s is set to 0, and BRAKE is set to 1 in order 
to indicate to "RGL " function S610 (FIG. 6) that active braking is 
required. In this situation, for example, the two lower transistors 118, 
120 of H-bridge 112 (FIG. 2) are made continuously conductive so that 
stator winding 128 is short-circuited, while upper transistors 114, 116 are 
opened . 

After DR_REAC has been checked in S3 64 through S3 82, S3 86 checks on 
the basis of DR_AL (FIG. 12) whether an alarm is to be triggered in the 
event of an error. 

If DR_AL = DR_AL_ON, then in S388 state word AS_DIST is set to 1, 
thereby informing alarm function S642 (FIG. 6) that an error is present and 
an alarm is to be triggered. The routine then branches to S3 90 (END) . 
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COMMUNI CAT I ON FUNCTION (FIG. 24) 

FIG. 24 shows a flow chart of "COMM" function S604 (FIG. 6) . It 
controls input and output via bus 82. (Steps S402, S406, and S430 symbolize 
possible further program sections; i.e. in order to avoid unnecessary 
length, FIG. 24 usually represents only the portion of "COMM" function S604 
that is important here.) 

S404 is the beginning of portion PROCESS_INSTR, in which instructions 
which the "COMM" function has received via a serial bus 82 (here an IIC 
bus) , and which are located in INSTR, are executed. 

The defined instructions begin with OC. OC_GETDI means, for example, 
that state word DI_STATE (FIG. 10) and error code DI_C0DE (FIG. 11) are 
polled from outside. S410 checks whether INSTR = OC_GETDI . If Yes, the 
desired information is outputted onto IIC bus 82 using the instruction 
write_IIC. 0C_DIDAT means that these are error data, and "2" means that two 
further arguments follow, namely DI_STATE and DI_CODE . 

S414 is a comparison to determine whether INSTR = 0C_RESDI; if so, 
execution branches to S416. OC_RESDI means that a reset of the error 
function must take place. Any errors saved in DI_STATE, DI_CODE must 
therefore be cleared. In S416, DI_STATE and DI_C0DE are reset. DS_CLASS and 
DS_ACTIVE are reset simultaneously with DI_STATE (FIG. 10) . 

S418 checks whether INSTR = OC_GETOD; if so, execution branches to 
S420. OC_GETOD means that the operating data of the "operating data 
function" (FIG. 15) are retrieved via bus 82. In S420, the instruction 
write_IIC is used to write the operating data onto IIC bus 82. OC_ODDAT 
means here that these are data of the "operating data function" (FIG. 15); 
and "4" means that four further arguments follow, namely OD_UBM, OD_TM , 
OD_OH, and OD_COM (cf . FIG. 15) . 

In S422, INSTR is compared to OC_GETFIFO; if they are identical. 
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execution branches to S424. OC_GETFIFO means that the next values are read 
out from the FIFO, which at each new error is filled with the error class, 
error code, and present operating data (FIG. 22) . To achieve this, in S424 
the next data are fetched from FIFO and written into variables TMP_CLASS, 
TMP_CODE, and TMP_DATA. These data are then written onto bus 82 using 
write_IIC. OC_FIFO here indicates that these are data from the FIFO; and 
"3" indicates the number of additional parameters: TMP_CLASS, TMP_CODE, and 
TMP_DATA. 

S430 indicates possible further steps, and the COMM routine (which 
has a high priority of L3 as shown in FIG. 3) ends at S432. 

In the present invention, therefore, a plurality of routines of 
different priorities (FIG. 6: LI through L23) are provided, and if an error 
is identified as they are being executed, "emergency actions" are taken 
first. For example, if it is found at S226 in the A/D routine of FIG. 16 
that an interruption exists in the line to sensor 152, then first of all, 
at S228, the corresponding error class and error code are saved, and then 
program NEW_DIST of FIG. 22 is executed. If another error is not already 
present, DS_ACTIVE is set therein. The error class and error code are saved 
in nonvolatile memory 74 in order to have permanent information about the 
nature of the error; similarly, all relevant operating data are saved in 
memory 74. The routine of FIG. 16 then initially continues to execute. 

At some point the program in FIG. 6 then arrives at error function 
S640, which is depicted in FIG. 23. 

The error function determines that DS_ACTIVE is set; and in 
accordance with the parameters in word DIST_REAC of object table 111 (these 
parameters are also located in RAM 97 while the motor is operating) , a 
reaction to the error is then implemented. These parameters are depicted in 
FIG. 12. In the context of a fan, DR_REAC (FIG. 12) will usually have the 
value 1, i.e. in the event of an error in temperature sensor 152, 
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the rotation speed of motor 3 2 is set to the maximum value in order to 
ensure reliable ventilation. This occurs in steps S366 and S368 of FIG. 23. 
Thus as soon as the connection to sensor 152 is interrupted, motor 32 is 
very quickly switched over to its maximum rotation speed. 

If this is not desired, for example because the fan then becomes very 
loud, it is possible to save a specific rotation speed, e.g. 2500 rpm, in 
value n_DIST of object table 111; the value selected for DR_REAC in FIG. 12 
is then "4", i.e. DR_n_DIST. In the event of an error the error function 
(FIG. 23) then goes to steps S378 and S380 and switches motor 32, when an 
error is detected, to a constant rotation speed of 2500 rpm. This rotation 
speed can be selected without restriction when the motor is parameterized, 
and can also be modified later if the user has suitable software. 

In FIG. 12 it is similarly possible to define, by means of variable 
DR_AL, whether or not an alarm is to be outputted. If DR_AL has a value of 
1 in this context, an alarm will be triggered by steps S386 and S388 of 
FIG. 23. 

A motor can therefore easily be parameterized as to whether and how 
it will react if an error is identified. In any event, EEPROM 74 will have 
saved data containing the error class, error code, and relevant motor data 
at the moment of the error, for example operating hours, maximum operating 
voltage, maximum temperature, optionally the time of day and date, etc., 
thus making it much easier, or indeed possible at all, subsequently to 
analyze an error that has occurred. 

The procedure upon occurrence of an error can be compared to the care 
given to an accident victim: First comes the paramedic, who applies a 
temporary bandage and writes down some brief information that is attached 
to the patient as a label. This corresponds to identification of the error 
and saving of the operating data, for example in the A/D routine (FIG. 16) 
or the error detection routine (FIG. 17) . Then the paramedic sets flag 
DS_ACTIVE = 1, and leaves the victim until an ambulance arrives. 
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The error function program (FIG. 23), i.e. the error monitoring 
routine, corresponds to the ambulance. It drives past at some time, 
recognizes the victim from flag DS_ACTIVE = 1, picks him up, and treats him 
in accordance with the stored instructions . 

A system of this kind is very open and can be expanded and modified 
in any direction, since modifications affect not the program but only the 
data in object table 111 (FIG. 8) . In every situation, the paramedic 
arrives first and performs predetermined actions; then the ambulance 
arrives and also performs predetermined actions. And those predetermined 
actions can be parameterized in memory 74 . 

Another advantage of the invention is that on the basis of objective 
data, a decision can be made as to whether a motor has reached the end of 
its service life and should be replaced as a precaution. 

A suitable time interval for transferring the operating data 
variables into the nonvolatile memory is, for example, a fraction of an 
hour, e.g. 10 minutes, 20 minutes, 30 minutes, or the like. The transfer 
can thus take place relatively infrequently and therefore does not demand a 
great deal of calculation time. The accuracy of the data saved in the 
nonvolatile memory is nevertheless good, since electric motors usually run 
uninterruptedly for a long period, during which their operating data change 
only slightly. 

A further possibility for saving the present variables as old 
operating data values in nonvolatile memory 74 is available in the context 
of microprocessors 23 which can still execute shutdown routines during a 
reset, occurring, for example, in the event of a power failure or when 
electric motor 32 is switched off. The present variables can be saved to 
the nonvolatile memory in these shutdown routines, and more-frequent 
intermediate saving is no longer necessary. 

Many modifications and variants are, of course, possible within the 
scope of the present invention. 
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CLAIMS 



1. A method for nonvolatile storage of at least one operating data value 
of an electric motor (32) which comprises a microprocessor or 
microcontroller (23) , hereinafter called a microprocessor, that controls 
its commutation, and a nonvolatile memory (74) , comprising the following 
steps : 

when the motor (32) is switched on, an old operating data value is 
transferred from the nonvolatile memory (74) into a volatile memory (97) 
associated with the microprocessor (23) and saved there as a variable; 

the variable is updated by the microprocessor (23) at predetermined 
points in time; 

at intervals of time, the operating data value saved in the 
nonvolatile memory (74) is replaced by the present value of said variable. 

2. The method according to claim 1, wherein the predetermined points in 
time lie in the time intervals between the commutation operations. 

3. The method according to claim 1 or 2, wherein after a reset, the old 
operating data value is transferred out of the nonvolatile memory (74) into 
the volatile memory (97) associated with the microprocessor (23) and saved 
there as a variable. 

4. The method according to one or more of the foregoing claims, wherein 
in the context of a reset operation, the present value of the variable is 
transferred as the old operating data value into the nonvolatile memory 
(74) . 

5. The method according to one or more of the foregoing claims, wherein 
the operating data value saved in the nonvolatile memory (74) can be polled 
via a data connection (82) . 

6. The method according to claim 5, wherein the polling of the operating 
data value stored in the nonvolatile memory (74) via the data connection 
(82) is controlled by the microprocessor (23) . 

7. The method according to one or more of the foregoing claims, wherein 
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a temperature sensor (152) is associated with the motor; and wherein an 
extreme value (OD_TM) of the temperature (T) sensed by said temperature 
sensor (152) is saved as an operating data value (FIG. 8: OD_TMAX) in the 
nonvolatile memory (74) . 

8. The method according to one or more of the foregoing claims, wherein 
the motor (32) comprises an A/D converter with which an analog voltage can 
be converted into a digital value; and wherein an extreme value (OD_UBM) of 
the voltage converted by said A/D converter can be saved as an operating 
data value (FIG. 8: OD_UBMAX) in the nonvolatile memory (74). 

9. The method according to one or more of the foregoing claims, wherein 
a value (0D_COMM) corresponding to the number of commutations is saved as 
an operating data value (FIG. 8: OD_COMMUT) in the nonvolatile memory (74) . 

10. The method according to one or more of the foregoing claims, wherein 
the operating period (0D_0H) of the motor (32) is saved, in the manner of 
an operating hour counter, as an operating data value (FIG. 8: OD_0HO) in 
the nonvolatile memory (74) . 

11. The method according to one or more of the foregoing claims, wherein 
when the motor (32) is started, a plurality of operating data values is 
loaded from the nonvolatile memory (74) into associated variables of a 
volatile memory (RAM 97) associated with the microprocessor (23) , and are 
then updated by the microprocessor (23) . 

12. An electric motor for carrying out a method according to one or more 
of the foregoing claims. 

13. The electric motor according to claim 12, wherein a data bus (82) is 
provided which enables access to the data saved in the nonvolatile memory 
(74) and/or saving of data in said memory (74) . 
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gemass Absate 18, § 1001, der Bundesgesetze der 
Vereinigten Staaten von Amerika mit Geldstrafe beiegt 
und/oder Gefangnis bestraft werden konnen, und dass 
derart wissentlich und vorsatzlich falsche Angaben die 
Gilltigkeit der vorliegenden Patentanmeldung oder eines 
darauf erteilten Patentes geflhrden konnen. 


I hereby declare that all statements made herein of my own 
knowledge are true, and that all statements made on 
information and belief are believed to be true; and, further, 
that these statements were made with the knowledge that 
willful false statements and the like, so made, are 
punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United Slates Code, and that such 
willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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DECLARATION & POWER OF ATTORNEY FOR PATENT APPLICATION 
ERKLARUNG FOR PATENTANMELDUNG, MIT VOLLMACHT 



GERMAN-LANGUAGE DECLARATION 



VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiermit die nachstehend benannten 
Patentanwalte und Patentagent mit der Verfolgung der 
vorliegenden Palentanmeldung sowie mit der Abwicklung 
aller damk verbundenen GeschSfte vor dem Patent- und 

Milton Oliver Rep. No, 28.133 
Robert H. Ware Reg. No. 18,179 
Alfred A. Fressola "Rep. No. 27,536 
K. Bradford Adotohson "Rea. No. 30,927 


POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorneys and agent to prosecute this 
application and transact all business in the Patent & 
Trademark Office connected therewith: 

James R. Frederick Reg. No. 25,865 
William J. Barber Reg. No. 32,720 
Jack Pasauale Rea. No. 3 1 .052 
Thaddius J. Carvis Ree. No. 26,440 


Francis .1. Maptiire R*g. N«v 11 /MM 


James A. Retter Reg. No. 41,266 f 






Telefonanrufe bitte richten an: Milton Oliver 
(201) 261-1234 


Direct telephone calls to: Milton Oliver j 
(201) 261-1234 \ 


Postanschrift: 

WARE, FRESSOLA, VAN DER SLUYS & 

ADOLPHSON, LLP 
755 MAIN STREET, BOX 224 
MONROE, CT 06468-0224 

{Kunden-Nummer 4955) 


Send correspondence to: CUSTOMER NUMBER 004955 

WARE. FRESSOLA. VAN DER SUJYR A 

ADOLPHSON, LLP 
755 MAIN STREET, BOX 224 
MONROE, CT 06468-0224 



INVESTOR: SIGNATURE 
Sign: ; ^ Date: 



RESIDENCE AND POST OFFICE ADDRESS 



Hermann RAPPF.NF.rKFR 



Frank JESKE. 



l^^i J6rg HORNBERGER 



Citizen of: FED. REP. GERMANY « 



Date: 



Citizen of: 
FED. REP. GERMANY- 



(Pel 02. ZQ01 



Citizen of: 
FED. REP. GERMANY - 



Krankenhausstrasse 26 
D-78147 Vdhrenbach 
FED. REP. GERMANY 



Friedrich-Ebert-Strasse 13 

D-78112 St. Pent-gen 

FED. REP. GERMANY O^X 



Nottental 1 

D-72280 Dornstetten^ 

FED. REP. GERMANY OB^ 
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DECLARATION IN PCT/EPOO/04358 (CONTINUED) 



Sign: 


Date: 


Grosshofenstrasse 10 j 






D-78628 Rottweil | 




FED. REP. GERMANY QH?X . | 


^e^Arno KARWATH 


Citizen of: 






FED. REP. GERMANY 





m 
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